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his report covers th= prototype phase of an OPNAV sponsored hearing
conservation program. The objective of the prototype phase was to demon-
strate the feasibility of reducing machinery space noise levels sufficiently
to comply with BUMED/OSHA hearing damage risk.criteria. \
The USS ELMER MONTGOMERY (FF 1082), the designated prototype ship,
was subjected to comprehensive underway and dockside diagnostic noise
testing. The tests indicated that even at nominal 15 to 20 knot cruising

. . . /‘, -
DD ,550%, 1473 E0ITION OF 1 NOV 65 IS 0BSOLETC Unclassified i g
0

k] SECURITY CLASSIFICATION OF THIS PAGE {¥APn Data™ rrh( A

-

h L 4




SRS o

O A, v ..., .

B — yype. "‘Wﬁm’""1
Unclassified _ '

SLCUTHITY € LA = 14 ALNTON OF YHiv AGE (T Ao Diuta fntered) i

speeds, noise levels at many manned locations in the engine room and
{ire-.room cxceeded the BUMED 90 dBA hearing damage risk criterion. .
Diagnostic tests determined that while several sources contributed to
the high noise levels, the noise environment was dominated by the main
reduction gear in the engine room and by noise radiated from forced
draft blower ducts and ventilation exhaust fans in the fire room. These
dominate sources were approved for treatment in the prototype program.
Noise levels at manned locations in auxiliary machinery spaces were
found to be acceptable under normal operating conditions.
— =Conceptual approaches for noise control treatment were provided
to the naval shipyard which developed the design for the prototype
' treatments. . The treatments were installed during a scheduled restricted
/ava1]gb111ty The shipyard costs associated with this prototype
.installation were $233K.

—Subsequent noise trials conducted to assess the performance of the
profotype treatments indicated the predicted noise reduction from the
treatments was achieved.r Noise levels at all machinery space manned
locations remained below the BUMED 90 dBA criterion at all speeds up
to 23 knots, and through 26 knots in the enygine room. The prototype
treatments were, therefore, judged successful.

Noise trials were also conducted on a second ship in the class,
the 'USS DOWNES (FF 1070), vo insure that differences in equipment
manufacture or shipyard construction practices did not result in signi-
ficant differences in the noise environment within the FF 1052 class
machinery.. spaces. -, Only minor variations in the noise environment were
+Found, but viere not significant enough to argue against a single set

\of noise control treatments for the entire FF 1052 class of ships.
~——~¥he report concludes with a recommended noise control package for
ships of the FF 1052 class%§*fn addition to the prototype treatments

installed in ELMER MONTGOMERY for the main reduction gear, forced draft
Yower ducts and fire room gxhaust fans, the recommended noise control
Y ickage recommends silencers \for fire pump motors in the engine and
.ire rooms and rerouting of the Prairie/Masker vent in ships where the
vent 1> currently terminated in the fire room. The estimated cost of
this package is $200K per ship in 1976 dollars.
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EXECUTIVE SUMMARY

This report covers the prototype phase of an OPHNAV
spongsored hearing corscrvation program aimed at reducing
hazardous airborne noiue levels in the machinery spaces of
surface ships. The prototype phase was concerned with a
feasibility assessment of prototype noise treatment install -
ation in a ship of the FIM 1052 class and the identification
of potential diffurences in noise characteristics in ships
within the class. (Therc are differences in machinery
manufacturers between the older ships and FF 1078 und later
ships in the class.) USS ELMER MONTGOMERY (FF 1082) received 4
the prototype installation, and USS DOWNES (Fp 1070) was
tested to identify potential differences in noise characteristics.

Extensive diagnostic airborne noise testing was conducted
underway and dockside in the machinery spaces in USS ELMER
MONTGOMERY (FF 1082) in March 1975. These tests indicated 4
that at nominal operating speeds (15 to 20 knots) noise
levels at many of the manned locations in the engine room
and fire room exceeded the BUMED/OSHA 90 dBA hearing damage 3
risk criteria. This condition improved only slightly at
lower speeds, and at higher speeds the 90 dBA criterion was
excezded at all measurement locations. In auxiliary machinery
spaces, the'nolse levels were essentially independent of
speed and did not exceed the 90 dBA criterion.

Diagnostic tests were used to identify and classify
individual noise sources. The dominant noisc source in the g
engine room was the main reduction gear. Distiller brine 1
overboard eductors and the motor-driven fire pump were also

significant noise sources contributing to the excessive
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nolse levels. In the fire room, forced draft blower duct
radiation and ventilation exhaust fans were the dominant
sources. The vent exhaust fans exceeded the 90 dBA criterion
when operated alone at dockside. The fire pump in the fire
room was also a significant noise source. An extremely
hazardous transient noise problem was also noted, as air

from the Prairie/Masker compressors veuted directly into tne
fire room during warmup. Nolse levels as high as 125 dBA
were measured ‘during the thirty to sixty minute compressor
warmup period. Noise levels as high as 118 dBA were measured
with the compressors feeding the masker belts., It was not
clear whether this was a class problem, or one peculiar to
ELMER MONTGOMERY: however, later tests showed that a properly
functioning Prairie/Masker system should not vent inboard
under normal operating conditions (i.e., after compressor
warmup) and consequently would not present a noilse problem

if inboard venting-'did not occur.

The proposed prototype noilse control installation in
ELMER MONTGOMERY included a close-coupled treatment for the
main reduction gear casing and assocliated foundation, acous-
tical lagging of forced draft blower ducts and brine over-
board eductcrs, silencer devices for fire room ventilation
exhaust fans and rerouting of the vents for the Prairie/Masker
compressors to the uptake space. The proposed treatments
were installed during a restricted availability (RAV),
except for the brine overboard eductors. (A SHIPALT is
already developed and scheduled to replace the eductors with
quiet pumps.) In addition to the prototype installation
work, the shipyard developed a design for running the vents
for the Prairie/Masker compressors out of the fire room into
the uptiake space; however, the installatlion work was not
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accomplished. Shipyard costs associatud with tne protlotype
anstallation were $233K.

Post-RAV noisc trials conducted to evaluate the proto-
type installation showed that the treatment performed cescen-
tially as predicted. Noise levels at all mauned locations
in the machinery spaces were below the BUMED hearing damage
risk criteria at all speeds up to 23 knots (und through 26
knots in the engine room). These reductlions have lncreased
the allowable personnel exposure time at 20 knots without
hearing protection from two hours to nine hours in the fire
room and from four hours to nine hours in the enginc roomn.
The post-PAV tests indicate that the prototype installation
is a feasible approach to reducing hazardous nolse levels in
the machinery spaces of FF 1052 class ships.

In January 1976, airborne noise trials were conducted
in the machinery spaces in USS DOWNES (FF 1070). The DOVNES
was constructed in a different shipyard than ELMER MONTGOMERY
and was equipped with main reduction gear and boilers from
dirferent manufacturers. No other significant differences
in machinery were identified; however, the forced draft
blower ducts on DOWNES had been lagged with thermal lagging
material. The purpose of the DOWNES trials was to dctermine

if there vere significant differences in the noise environment

due to differences in machinery components or construction
practices.

In the éngine room the noise levels in DOWNES were
slightly lower than in ELMER MONTGOMERY, and dominant tones

from the main reduction gear were found at different frequencies

due to differences in gecar design. In the fire room, the
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only significant difference found was associated with the
Prairie/ Masker compressors. The vents on the DOWNES com-
pressors were routed out of the fire room to the uptake

space and conscquently produced no noilse problem. The

DOVWNES trial indicates that the noise problems and assoclated
solutions should be common throughout the I'F 1052 class.

Concurrent with the ELMER MONTGOMERY prototype installce-
tion, noilsc control treatment was being applied to quiet the
main reduction gears in USS SOUTH CAROLINA (CGN 37). This
installation was an acoustical enclosure rather than the
close-coupled treatment applied directly %o the gear casing
in SLMER MONTGOMERY. Subsequent tests of SOUTH CAROLINA
showed that the enclosure also represents a feasible approach
to control of main reduction gear nolse, and thus provides
a practical alternative where arrangements permit use of an

enclosure.

7

On the basis of the evaluation of the prototype instal-
lation in ELMER MONTGOMERY and tests conducted aboard USS
DOWNES, recommendations for noise control treatment for
machinery spaces of ships in the FF 1052 class have been
developed and are provided below. The prototype treatments
installed in ELMER MONTGOMERY are described in Section II. B
and C.

v

1. The main reduction gear, its foundation and the
foundations and subbases for the main turbines
should be treated with the type of close-coupled
treatment installed in USS ELMER MONTGOMERY or
enclosed in a manner similar to the installation
in USS SOUTH CAROLINA. The reduction gear lube
oil piping should be either lagged or enclosed.
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The forced draft blower ducts should be ucous-
tically lagpged as was done on ELMER MHONTGOMERY.

Both fire room exhaust fans should be relocated in
tne uptake space and reconmnected to existing
bellmouths, using acousticully lined ducts includ-
ing 90 degree clbows as was done on the larger
exhqust fan in ELMER MONTGOMERY.

The fire pump motors in the engine room and fire
rooms should be provided with motor silencers.

In thosc ships where the Prairie/Masker vent
curreniiLy terminates in the fire room, it should
be extended into the uptake space.

The estimated cost‘or these recommended noise control treat-
ments is approximately $200K per shib in 1976 dollars. This
estimate does not include the cost of the SHIPALT to replace
the brine overboard eductors which is already scheduled.

PSS Ul




Bolt Beranek and Newman Inc. Report No. 3222

1. INTRODUCTION ARD BACKGROUND

As an initial step in the program, it was determined
necessary to demonstrate that by using current machinery noise

reduction technology, shipboard machine:y room noise ievels

could be reducecd below hearing damage risk levels without

a costly development program. A fripate of FF 1052 class
was selected for the prototype installation because cf the
large number of recently constructed ships in the class, and
because the 3ingle fire room and engine room helped to keep
the cost down.

After an exchange of correspondence to define the scope

of the prototype program, the CNO approved the concept of a

prototype machinery space noise reduction installation in one

ship of FF 1052 class by reference (10). To reduce the time

and cost of the prototype program, reference (1l1) submitted a

revised plan of action which limited the scope of the treat-

ment to the known major noise offenders in the machinery spaces,
. the main reduction gear and the forced draft blowers. By

limiting the scope and installing noise reduction treatments

during a restricted availability rather than a regular overhaul,

the overall time required to demonstrate the feasibility of

achieving the BUMED hearing damage avoidance criteria in

FF 1052 class main machinery spaces was reduced {rom two years

to one year,

The approved plan also included a noise trial in
another ship of the FF 1052 class to determine if dif-
ferences in machinery within the class results in signi-
ficant differences in airborne noise characteristics.

Trials of the second ship were also designed to minimize the
possibility that the ship receiving the prototype instellation
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might be exceptionally noisy 4r quiet compared with other
ships of the class,

This report covers the first or prototype phase of L.
Hecaring Conservation Program which has been completed, The
report describes: the noise trials which were conductou and
the results of trial data analysis; the noise reduction
treatments which were installed in the prototype ship;
prediction of noise trecatment performance based on labora-
tory tests; the assessment of the noise reduction achieved
from the installed treatments; the differences between ships
within the FF 1052 class and the significance thereof; and
conclusions reached from the prototype installation. Finally,
the report provides recommendations for FF 1052 class improve-
ments which will be required to achieve OSHA/BUMED hearing
damage risk criteria. Recommendations are also provided for

the inclusion of other ship classes in the Hearing Conservation

Program. The appendix provides a detailed summary of the
data which supports the conclusions and recommendations.
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IT. PROTOTYPE SHIP

COMNAVSURFLANT designated USS ELMER MONTGOMERY (FF
1082) as the ship to receive the prototype noise reduction
treatment. A restricted availability, for LAMDPS installation,
was scheduled for 7 July to 28 Hovember during which time
the nolse reduction treatment would be installed.

A. Problem Identification Trial

Enroutce to Norfolk from deployment, comprehensive diag-
nostic airborne noisc and vibration tests were conducted in
the machinery spaces in USS ELMER MONTGOMERY. The purposcs
of these tests were Lo deterimine baseline noise levels
against wnich noise reduction could be subsequently assessed
as well as to determine the contributions of individual
noise sources to the overall noise environment as a means of
establishing a predictable limit on noise reduction as a
function of the nolsec sources treated.

The results of this noise trial have been reported in
detail in a previous report, reference (1). The conclusions
drawn from the test data are summarized below. These conclusions
include an assessment of the measured noise levels as they

relate to the hearing damage risk criterion established by
BUMED and OSHA (reference 4 and 5). The BUMED/OSHA criterion
establishes maximum allowable noise levels as a function of
the duration of exposure. The basic criterion allows an
exposure of up to eight hours in a twenty-four hour period

to a noise levei of 90 dBA.

1.0 Engine Room

The nolse levels at various locations in the engine
room expressed in single number dBA values at various ship
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speeds (i.e., shaft RPM) arc shown in Table 1. The noisc
data summarized in Table 1 show that for ship snecds above
100 RPM, approximately 13 knots, only one of the measurement
locations is below 90 dBA. At 160 RPM, approximately 21
knots, the 90 dBA level was cxcceded at all measurement
locatlions, with a nolse in ecxcess 2 100 dBA at one location.
The data in Table 1 show a definite relationship between
nolse level and ship speed at all measurement locations
indicating that propulsion noise, as opposed to noise produced
by auxiliary machinery, is either dominating or strongly
influencing the noise levels at all measurement locations.

For a more detailed analysis of the noise levels and
the noise sources, five measurement locations were selected
as representative of locations where personnel exposure to
hazardcus noise levels would occur. It was determined from
the data that the influence of prophlsion noise was clearly
established at a ship speed of 160 shaft RPM, thus allowing
detailed analytical measurements to be made underway at a
reasonable cruising speed. The five measurement locations
selected were as follows:

1. Microphone No. 1, located above the workbench on
the upper level, port side near air conditioning
compressor No. 2.

2. Microphone No. 2, located on the upper level at
the watch station between the evaporators.

3. Microphone No. 3, located on the lower level,
starboard, aft, near the lube oil purifier.

b
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4, Microphone No. 13, located on the lower level on
the centerline between the condensate pump and the
main circulating pump adjacent to the athwartships
walkway.

5. Microphone No. 17, located on thc upober level

|
on the centerline near the main air ejector and
!

adjacent to the athwartships walkway.

One-third octave band noise levels at the five locations
are shown in Figures 1 through 5. Each figurc shows two sets
of noise levels. The lower set on each figure represents
the compositc noise level at each location of auxiliary (non-
propulsion) machinery as measured dockside, and represents
the non-propulsion noise baseline. The upper set shows the
noise level measured underway at 160 shaft RPM and represents
the total underway noise environment including the contribution
of propulsion noise at each location. The equivalent A-weighted

« levels are shown on the scale at the right side of each figure.
From the figures it can be seen that the propulsion noise is
concentrated in the 500 through 2500 hertz bands. (It should
be noted that A-weighted measurements are influenced most
heavily by noise at frequencies above 500 hertz.)

As can be seen from Figures 1 through 5, the propulsion .
noise is characterized by three distinct peaks. These peaks
are caused by tones generated in the main reduction gear. The
tone in the 500 hertz band is attributed to the attached lube
0il pump gear mesh, the tone in the 800 hertz band is the ;
second reduction gear mesh (bull gear mesh), and the tone in J
the 2500 hertz band is attributed to undulations in the first

reduction gear.

11 |
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By referring to the cquivalent dBA levels displayed on
the right side of the fligures, the relative influence of pro-
pulsion noisc at these locations can be deduced by noting the
incrcase in the A-weighted level from the non-propulsion baseline
A-weighted level. This difference in the dBA level also

represcnts the maximum noise reduction which can be achieved
by reducing only the propulsion noise.

The data from Flgurcs 1 through 5 suggest that if it
is feasible to reduce propulsion noise sufficiently, 90 dBA
can be achieved at all five locations since the non-propulsion
baselinc nolse levels are below 90 dBA. Such feasibllity seems
reanonablc at measurement locations 1 and 2; however, at the
other locations it does not appear feasible to achieve the
90 ABA level by reduction of propulsion noise only. At measure-
ment location No. 3, the non-propulsion baseline level is 89 4ABA
which mecans that noise reduction in excess of 25 dB would be
required to completely eliminste the influence of propulsion
noise. Accomplishment of such reduction is very improbable in
a backfit. A similar condition exists at measurement location
No. 13, and to a lesser degree at location No. 17. It 1s
necessary, therefore, to reduce auxiliary machinery nolse in
conjunction with reduction of propulsion noise to achieve 90 dBA
at measurement locations 3, 13 and 17.

Results of diagnostic tests conducted dockside with
individual auxiliaries operating alone provided insight into
the sources of the non-propulsion baseline noise. From these
tests it was determined that the non-propulsion baseline nolse
level at measurement location No. 3 is dominated by noise
generated by the distilling plants, primarily the brine over-
board eductors and their assoclated discharge piping. The
non-propulsion bascline at measurement location No. 13 is the

17
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result of ncarly equal contributions from fire pump No. 3 and

the main condensate pumps. At measurement location No. 17, the

non=-propulsion bascline is governed primarily by the main air
ejector, particularly at higher frequencies.

2.0 Fire Room

Table 2 shows the measured noise lcvels at various
locations in the firc room expressed in single number dABA
values as a function of ships speed expressed in shaft RPM,.
(NOTE: The data at 80, 100, 120, 140 and 220 RPM were taken
with hand-held instruments. There was insufficient time
available to repeat thesc mesasurcments after the fixed
instrumentation wzs transfarred from the engine room to the
fire room; therefore, the 160, 180 and 200 RPM data is
considered more reliable since these runs were repeated with
the fixed instrumentation system.) As was the case in the
engine room, the noise levels at every measurement location
show a speed dependence. This relationship is clearly
established upon reaching a speed of 160 RPM, by which time
the noise levels at all but three of the locations have
exceaded " ) dBA criteria.

The 1. 3¢ z’¢nificant change in machinery condition as a
funetion ot ~r-,ed occurs with the changing demand on the
forced draft blowers (i.e., blower speed increases with
increases in ship speed). Therefore, the generally higher
noise levels on the upper and second deck levels tend to
reflect the.dominance of forced draft blower noise because
of the proximity of the forced draft blower ducts. The
noise levels at locations on the lower level of the fire
room tend to be lower because they are further removed from
the forced draft blower ducts and are dominated by sources
having less speed dependence.

18
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Five representative locations have been selected for
more dctailed analysis. One-third octave band levels taken
at these locations at 180 shaft RPM are shown in Figurcs 6
through 10. The five locations arc described as follows:

a. Microphone No. 8)A, was located on the lower
level, starboard of the centerline between the
boilers.

b. Microphone No. 104, located on the lower level,
aft port corner, near fire pump No. 2.

¢. Microphone No. 155, located on the upper deck, aft
port corner, over the workbench adjacent to the
control station.

d. Microphone No. 157, located on the upper level, on
the centerline between the boilers.

e. Microphone No. 201, located on the second deck
level, on the centerline between the boilers.

These locations were considered representative of those
frequently or continuously manned stations.

Dockside cyecling of machinery in the fire room was
somewhat limited in that steam driven machinery could not be
measured independently. However, cycling of motor driven
auxiliaries.demonstrated that the ventilation system was a
significant contributor to the overall noise levels at some
locations. Therefore, the noise levels of the vent system
at the five measurement locations are shown as the lower set
of values on Figures 6 through 10. Referring to Figure 10,
it can be seen that the vent system, operating alone, produces

20
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lcevels as high as 97 dBA. Cycling of individual vent fana
indicated that the dominant sources ol vent rcisc werce the
two exhaust fans located just above the fire room deckheud

in the uptake space. These exhaust fan openings also provide
an airbornc flanking path for noise from the forced draft
blower intakes in the uptake space. Since the vert ecxhaust
fans alone cause excesscs above the 90 dBA criterion, 1t 1s
clear that this noisc must be reduced.

The ncisc produced by the forced draft blowers 1is
characterized by tones occurring at blade passagce rates.
These tones shift in frequency as a function of blower
speed. At normal blower opersting speeds, the tones appcear
at frequencies above 1000 hertz which is the region of the
spectrum which most heavily influences the A-weighted levels.
Referring again to Figures 6 through 10, the blower tones
can be observed in the 2000, 4000 or 5000 hertz bands at
each of the five locations. It can also oc observed that
the tones are a significant, and in some cases, the dominant
contributor to the overall noise level. It is, therefore,
apparent that reduction of the forced draft blower nolsec
should produce a significant improvement in the overall
noise levels in the fire room.

3.0 Auxfliary Machinery Rooms

Underway and dockside measurement were conducted in
AMR No. 1 and No. 2. Underway measurcnents in AMR No. 1
with normal machinery lineups indicate that the nolse levels,
while uncomfortably high, are not hazardous. The highest i
continuous noise levels measured were 91 dBA within three
feet of a turbo-generator, a location not continuously .
occupied. Operation of the fin stabilizers produced periodic
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increcascs ir tne nolse level which were noticeable but not
hazardous, lIn vicw of the transient nature of the nolce
produced.

AMR No. 2 is o partitioncd spacc with the watchstation
isolated from the machinery. Normal machinery lincups did
not producc hazardous nolsc levels., When the cmergency
diescl gencrator is in operation, hazardous noise levels are
generated which are well in excess of 90 dBA. The diesel
generator 13, however, tightly partitioned from the rest of
the AMR, and when the partition door is tightly closed, the
hazardous nolisc is confined to the diesel compartment.
Consequently, no additional noise reduction is required from
a hearing damage standpoint. learing protcctors are required,
however, when the diesel compartment is entered while the
diesel is in operation. The diesel compartment is not
continuously occupied while the diescl is operating.

B. Selection and Design of Noise Reduction Treatment

The range of alternatives available for noise rcduction
treatment for ELMER MONTGOMERY werc limited by the "rather
strenuous” time constraints. Lead time requircd for ordering
materials which would be compatibtle with the RAV schedule
became a major consideration. A close-coupled treatment for
the main reduction gear, that would consist of a composite of
damping, isolation and mass loss materials applied directly
to the gear casing, was suggested during the planning phase
of the program as a potential alternative. Several applica-
tions of such treatment had been accomplished previously by
NAVSEC and NSRDC personnel (reference 3), but a shipyard instal-
lation and a definitive performance evaluation of this type of
treatment had not been attempted. An acoustic enclosure
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represented a potential alternative, the performance of which
Eould be¢ rcasonably predicted based on previous application

of cnclosures to rcduce noise from main reduction gears and
other types of machinery (refercnce 7 and 8). Thercfore,

the sclection of a closc-coupled treatment for application to
the muin reductlion gear provided the opportunity to definitively
evaluate a shipyard-installed closc-coupled treatment.

In the design of the close-coupled trecatment for the
main rcduction gear, several alternative materials were
available for consideration. Also, an additional constreaint
was placed on this installation over those previously installed
in that a steel cover over the basic treatment was decmed
necessury for safety reasons. Therefore, laboratory experi-
ments were conducted to test the rclative effectiveness of
alternstive damping methods, absorption materials and the
impact of the steel cover on the overall treatment effectiveness.
The results of the tests, which are desceribed in Section
II.F, showed that damping tile was superior to chromated
felt and spectum plate, and that fiberglass performed better
than acoustical closed cell foam material. The tests also
indicated that the steel cover could reduce the treatment
effectiveness, but this reduction could be minimized by
careful isolation attachment of the cover.

The basic configuration of the seclected treatment for
the main reduction gear, its foundation and main engine
foundations, consisted of damping tile to be applied directly
to the gear casing and foundation surfaces, overlaid with a
fiberglass blanket followed by a layer of limp mass lead vinyl.
This composite would be covered by l6-gaufrec steel attached
vith recsilient studs. A sketch of the cross-section of the
selected close-coupled treatment is shown in Figure 11. At
locations where the possibility of oil contamination existed,
the fiberglass would bc cnclosed in an impervious bag of
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2-mil. thick Mylar film. This basic configuration, accompanied
oy enginecering detall sketches, were uscd by the shipyard to
develop 1nsta11ation4dcsign drawings. The basic close-coupled
trcatment would be augmented where necessary by soft patches
and acoustical pancls in thosc arcas where installation of the
close-coupled treatment was impractical or undesirable from a
maintenance or access standpoint.

The forced draft blower ducts required a somewhat different
solution in that the nolse generating mechanism was different
from that of the main reduction gear. The forced draft blower
noise in the fire room essentially results from airborne noise
inside the duct being transmitted through the duct walls. There-
fore, an acoustical lagging for the ducts which would increase
the transmission loss of the duct wall was determined to be the
appropriate solution. The materials sclected for the lagging
based on performance and availability were a fiberglass blanket
covered with a steel sheath. Soft patches of lead vinyl would
be used to cover expansion joints and dampers where the use of
& steel sheath would be impractical. Details of this treatment
are shown in Figure 12. Again, engineering sketches were pro-
vided to the shipyard for guldance in developing installation
detall drawings.

The ventilation system nolse in the fire room required a
third type of noise control solution in that the noise contri-
buted to the fire room was by an airborne path from the exhaust
fan openings. A circular, louvered acoustical baffle or inverted
top-hat was first considered as the simplest form of treatment;
however, a ship check indicated that sufficient clearnace from
obstructions was not available. On the smaller, less noisy fan
sufficaent clearance was available for a simple flat baffle, as
shown in Figure 13, and this approach was selected in the interest
of economy. On the larger fan there was less clearance and the
noise reduction of a simple baffle was considered lnadequate.
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It was, therefore, determined that the exhaust fan should be re-
located in the uptake space and reconnceted to the fire room open-
ing with acoustically lined ductwork. This ductwork included a
straight six foot flanged section which could be replaced with

a duct silencer if tests determined the need for additional noise

reduction. Details of the large vent fan trecatments are shown
in Migure 14.

Since the noise data taken during the tests of the Irairice/
Masker systeom were determined to be not representative of a
properly functioning system, valid noise data were not available
to develop noise control treatment. Therefore, design of noise
reduction treatment for this system was deferred pending, further
tests on a properly functioning system. It was determined, how-
ever, that control o9f the noise from compressor venting during
warmup would be a necessary part of the noise reduction treatment
for ships in which the vent terminated in the fire room.

C. RAV Work Description

1.0 Engine Room

In the engine room noise control treatment was limited to
the main reduction gear, its foundation and the turbine founda-
tions. The free surfaces of the main reduction gear casing and
the foundations were covered with the close-coupied composite
treatment as shown in Figure 11. Essentially complete enclosure
of the gear casing was achlieved, with soft patches over flanges
and fittings not covered by the basic treatment. The soft
patches, which consisted of two layers of lead loaded vinyl filled
with fiberglass, were installed to be removable for maintenance
access. Inspection ports on the gear were provided with covers
constructed with 16-gauge steel, lined with fiberglass which
was held in place by perforated aluminum. The covers were held
in place with latches for maintenance removal. 1In areas where
the fiberglass would be exposed to oil contamination, the fiber-
glass was enclosed in Mylar f{ilm.
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The lower foundation area was completely enclosed by
the trcatment. The close-coupled treatment was installed on
all outer surfaces. Gaps between the turbine foundation
pedestals and the main condenser were closcd with removable
acoustical pancls. Inspection and access ports were covered
with removable acoustic covers. The extent and location of
the nolse reduction treatment ave shown in Figurc 15.

External lube oil piping for the main reduction was to have
been lagged; -however, this work was not completed during the
RAV. A very few closures in the gear case treatment (i.e., soft
patches) were either left off or not completed at the end of the
RAV. While these deficiencies are minor from a work completion
standpoint and are probably the result of a tradesman's un-
familiarity with material, they can be significant from an
acoustical standpoint, particularly in the case of the lube oil
piping upon which high vibration levels were measured.

2.0 Fire Room

The noise reduction work in the fire room included the
acoustical lagging of the forced draft and lighting-off
blower ducts and treatment of the ventilation exhaust fans.
The foreced draft blower duct lagging consisted of a 4-in.
layer of fiberglass blanket covered with, and compressed to
a nominal 3-in. thickness by a l6-gauge steel sheath. The
entire area, excluding expansion joints and damper sections,
of the four forced draft blower ducts and associated lighting-
off blower ducts was lapgged with this treatment. Expansion
Jolints were enclosed by a flexible boot of .lead-loaded vinyl.
Duct dampers were also covered with the flexible lead-loaded
vinyl boot so that the entire duct areas from overhead to boiler
were covered, except for a small gap at the overhead. Many of
thes~ boots were not properly secaled at the end of the RAV, again
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probably duc to tradesman's lack of familiarity with the
material, which resulted in noticecable nolse leaks around
the boots.

On the smaller of the two vent exhaust fans, a flat
circular baffle, covered on the upper side by fiberglass
under perforated aluminum, was hung below the bellmouth.
This bafflec was a significant compromise of the design
originally proposed. The original design was intended to
block linc-of-sight paths from the bellmouth. The com-
promise was necessary due to limited clcarance in the
vicinity of the fan bellmouth, and other alternative
solutions would have been more costly. The design was
further compromised by rather large cutouts reguired for
piping clearances.

The clearance around the bellmouth of the larger fan
ruled out entirely the possibility of an acoustical baffle. It
was necessary, therefore, to relocate this fan within the uptake

_space. The fan was remounted horizontally approximately six

feet athwartships to port from its original position. The

fan was then reconnected to the original opening using an acous-
tically lined duct and a 90-degree elbow. A straight three-
foot long flanged section was included in the duct which

could be reblaced at a later date with a duct silencer 1if
additional noise reduction proved to be needed. This treat-
ment of the large fan was by far the more superior of the

two fan tregtments.

D. Post RAV Noise Trial Description

Noise reduction evaluation trials were conducted in USS
ELMER MONTGOMERY (FF 1082) subsequent to its departure from
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the shipyard during the period 28 November through 7 December
1975. The trials wera designed to measure the performance of
the prototype noise reductlen treatments installed during the
restricted availability (RaV). This objective would be accom-
plished by comparing noise measurcments with the treatments
instalied with comparable measurements conducted prior to the
RAV.

The results of noise measurcments taken in the engine
room and fire room with the noisc reduction treatments
installed arc described below and comparcd to noisc measurc-
ments taken prior to the installation of the treatments.

1.0 Engine Room

Mecasurecment locations used in the pre-RAV noise trial
werce selected which would be representative of the distribu-
tion of noise levels within the spacé and would also reflect
the improvement in noise levels resulting from the noise
reduction treatment. Table 3 shows nolse levels at nine
measurement locations as single number dBA values as a
function of ship speed expressed in shaft RPM. Due to the
need to share operating time with other test activities not
associated with noise reduction, the measurements taken
during the post RAV trial below 160 RPM werc not taken at
the same speeds as the pre-RAV measurements; however, measure-~
ments were taken at more speed increments and the levels
shown in Table 3 are considered to be reasonably indicative
of the noise levels at the speeds shown. For comparison
purposes, the baseline levels represcntative of the noilse
produced by the non-propulsion auxiliaries are also shown in
the table. From Table 3 it can be seen that nolse levels at the
two manned locations were below the 90 dBA BUMED 1O5HA
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eriteria at all specds through 200 RPM, or approximately
26 knots. One of the manned locatlons remained below 90 dBA
throughout the speed range.

After ﬁhe trecatment was installed the nolsc levels were
within 2 dB of the non-propulsion base¢line levels up i a
speed of 140 shaft RPM or approximatecly 18 knots except at
locations No. 3 and No. 14, both of which were located
within three feet of the main reduction gecar. At 140 RPH
only four locations exceeded the 90 dBA cight hour criteria
and the largest excess was 2 dB. Of the four locations
exceeding 90 dBA at 18 knots, one is n> higher than the non-
propulsion machinery baseline level at that location.

In Figures i6 and 17 the A-weipghted levels measured
before and after the treatment was installed are plotted as
a function of spced for the two manned locations. The dif-
ference in levels represents the noise reduction achleved at
those two locations with the noise reduction treatment.
Figure 16 shows that the influence of propulsion noise has
been significantly reduced at location No. 1. At locat;on
No. 2, Figure 17, the noise level 1s essuntially independent
of propulsion noise at speeds below 20 knots.

One-third octave band levels, measured at 160 shaft RPM
or approximately 21 knots both before and after the treatment
was installed, are shown in Figures 18 through 22. By
inspection of these figures at locations clearly dominated
by the gear tones, such as measuremcnt location No. 3, a
reasonable measurc of the treatment performance can be
judged by the reductions achieved at these tone frequencies.
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Bolt Beranek and Newman Inc. Report No. 3222

Figure 20, showlng the levels at this location indicates
that recductions at tone frequencies are on the order of
eight to ten decibeis.

The gehr tone which appears in the 2500 hertz band at
160 shaft RPM has hecn identificd as being generated by
undulations in the first reduction gear. These undulations
are the result of manufucturing procedures. This tone has
been noted in the underwater spectra of other ships in the
FF 1052 class cquipped with the same type recduction gezr.
This tone appears to peak in amplitude at 160 shaft RPM,
where its frequency is near 2500 hertz and 1lts amplitude is
greater than that of the second reduction mesh tone. It is
usually expected in double reduction gears of this type that
the second reduction gear mesh will produce the strongest
tone in the airborne noise spectrum. Observing the A-
weighted levels for measurement location No., 3 in Table 3,
it can be seen that there ics also a peak in the dBA level at
160 shaft RPM which is attributable to the peaking of the
first reduction undulation tone.

2.0 Fire Room

In the fire room, measurement locations were also
replicated in the post-RAV tests that were used in tests
conducted before the treatment was installed. A summary of
the post-RAV noise levels expressed in dBA values as a
function of ship speed expressed in shaft RPM are tabulated
in Table 4. Since the noise levels measured at 160 RPM were
all 90 dBA or belouw, it was considered unnecessary to collect
data for all of the speed increments below 160 RPM. There-
fore, data were taken at a speed of 120 RPM as a spot check

by

e e e e A e
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Moad o

of the expceted data trend below 160 RPM. ALl measurcnments
at 120 RMM were the same or lower than the levels at 160 KI'M,
as vwould be expected,

From Table NI, it can be scen that nolse levels meacurcd
with the treatmente installed, were at or below thoe 90 dBA
criteria at 160 shaft RPM or approximately 21 knotc.  Thio
comparvs to levels as high as 99 éBA which were measured
before the RAV. At 200 shaft RPM, or approximately 20 knots,
more than half the measurcment locatlons remained below
90 dBA, with the highest level reaching only 93 dBA.  This
compares with levels as high as 103 dBA before the RAV, with
all measurement locations exceeding the 90 dBA criteria.

Table U shows thal noise levels at manned locatlons are
below the 90 dBA criterion at speeds up to 180 RPM, or approxi-
mately 23 knots. At the two workbench locatlons, noise levels
are below the criteria at all spceds up through 200 RPM or
approximately 26 knots.

In Figures 23 and 20 the A-weighted noise levels measured
before and after the treatments were installed are plotted as
a function of speed for two of the manned locations. The
noise rcduction achieved at those locations is deplcved by
the difference in the measured levels. It can be seen from
the two fipures that the nolse reduction achieved at location
155, Figure 20, is much greater due to its closer proximity
to the treated forced draft blower ducts and vent fans.

Comparison of one-third octave band levels measured at
180 shaft RPM, or approximately 23 knots, before and after
the treatments were installed are shown for five represen-
tative locations in Figures 25 through 29. These figures




Keport No, 32¢2

Bolt Beranek and Nevman Inc,

Ty

oz

WOo0Y¥ 3¥I4 3JHL 11 VI8 NOILYIO0T LN3W3¥NSY3IM LV LN3WIV3IYL

d43L4Y 0NV 280438 SI3A3T 3SION 40 NOSIY¥V4WOD €2 3JdNdId

WdY 33eus
s30uy

033dS dIHS

00¢ . 081 09t oyt 021 00T 08
92 €2 1 81 ST €1 0t

* - . - e - - - -
... o e VTUTTOUT T e e PRSI AR S S S At
f e s man . se e me o x eae—e B T R R B ST
R e I | e e ek » & x -ﬂx.-A»bq.- Y e g e u—r e I B e i
B e O e e B R R R T e
LI L) :...0,.-ncm " e e-® - & ® « R R I g-cci-b o 0w -.¢|Q7n14nv|vb -'-.y-‘cﬂ. R Bt el
e he e e e T S T I T B - SR U ST S v S
B e N T B e I B I T R e e et
e e I s S S O S e S T e
B N e R I I R et it ...l..«ﬂ..vw.u._"-«..."._ Ve e e e .-.I‘l,,._ia_i-
R e T I T i T S L e e g
N T e e B N R B e I I T B e e o
* « = == . s 0= < e w oxox = . n PR R e PN N ) P I R ST [ N S,
- . e on P e w8 v o . . e xoam e e PO S n-m-bu»- um...hﬂn(‘- [ R AR i Sl
R R I “ o« “ e e - - » L IR AR nuq.,.uw*u ann-.-.-’-o.a.Ov- DIt ke
- I T I T A R L I AR —— T T —————— - .
T [ B I I IR s T R R R RN R R R
ke oe oo PR B . N -l R S O S S TR I T R
LoTolll0 julwiead] JdIIY —o— - . I I I IR R R R R R e
S ——
e s e e e T S i ,u‘.anwmn;,...ﬁ boiog oo mme b or e e G
B T B T.J.-:L. pprre e r s e e e
e .v,.»\MW.«‘h. A N e R N Sl R St i
e i s e .. .mu.¢¢.m»1«.r~.,".m1. R LRI e T o o
e v o x o e 8 n « PP qﬂuum‘wx«x'nm .v».«w.aw.ﬂ,n [ N .v!wih..i:ilmlnln.!
" e x x e e o moe b oxowow o LI SR B S ] R Bl BEar I e e s
« w x ox e oxowow . = "q......“ .‘.!.q....M.. R ARt B e e et
T " -v--..».u.. ..4-u4o-«. - ‘».u;o‘l-..-. qv(-,-.»-’l‘ltl
tto . 94012 MR I A I S B SRR IR SR AR
. . { . 324 TR _...MN.“”.. T
e = x 8 x x 5 “« % } - . * v e e LA -ﬁm .Mky»p....-. « 5 e e s e-e . .«uﬁt.-lt.‘.-.
PR x . . . - .o [ S .-uw..g.... t.w.-q-._ ..tﬂ.fu.. R e i
- - M. R P P ) PP >.v’n.m__.- e e b o exs = e » o o et = b
L - . I I N E R I I R It
. . .- o - . -} - . o % u e fearape x tet ety ..1,!."._... R R c et e
. . . o« ¢ <o LI » v P T R SR ) u.-oﬂ-ﬂ?; o.'aan.ra grse e ¢ s> o o cmpmens ow
. . Y Lo b R R T ..v...wum [ S T T T T e
e . o« . P T I ! v fax 2 ’ [T
T T . h
L } e -
e e om e e e - - e TR .
.- ! . D e 13A37] JaMOT .
. : . e 9pLS pJdeoquaels -
' M . P .
' : e e e sdd|tog ulamMiag - YI8 °"ON uolledoq] |
. e c e ae . . .
. | e e e o

08

S8

06

S6

00t

S01

vap Ul [3A87 astop

51




Report No. 3222

Bolt Beranck and Newnan Inc.

KOOY 3YId4 3IHL NI SGT "ON NOILYI01 LN3W3YNSY3IW LV LH3WLYIYL
4314V OGNV 330438 ST3A37 3SION 40 NOSIY¥V4HOI

Wdd 33ieys

S3ouy

o8t
£e

o9t
12

w
N

033dS JdIHS

ovt
81

021

ST

£l 0

‘2 3Y¥N9IA4

—t

ce  -e

t - - - - oy
H « . » B s e ay R e I P S
s s e sw eaat wxes s - ok L I AT R P U SO " e e e
L A . » % -0 « * b LR e ¢ s n 2 0w . ,v.b.» w04 [ S ._«00’4 “ [ et e
T I BT IR *.,.....H.*.. ke e et .hu...N.l._.. R R .,um%-an .qol..v..l—!.ﬂ!w:v
llnl‘-nu:n..x - s = ' . - x & = ®x g % 9« 0 & « “ % - 8. ﬂp. -0.*..'.0.440 . » ¢ toe o o F',vtl’t'ti’nlvi
A - @ 2 w-e % = = * % ® % x ® u [ Y a = -. - « o m * 2-x » = 8 » 9 { e e-g-g & = » R R e el e s i ) * = & o 2 s v e - quv‘l,'l_'loi
“« ® ® » a8 = s = x - ® w e 8 ou mn:ouln-u- o|;¢-,..,\ » 0.6...-0,1. cn(Ou‘vinIl.;n.u v-vuq:tv..- ci.l.’..".nnlol‘lb
ek ..o R R RN R I R R .....,.0“.m eI LN bl Bt e
.- & s e-w-—= S-e M - = 3 -8 & & =-a « .« ® v-e = = ‘” l_ . '- - 9 'lﬂ “sl L) = W .- M - M Mv“ - ﬂ ‘C. - - d d * 9 o 2-2 0 Ml‘ - » 'll&'-l‘l‘x’l.ll
T - - - Ky Y —
R EE R L T TRyl B e B Rt |
v e e v e x e wem b ouw o s a s nef e . ot T e L ] R A IR IR RS SRR
e e« - xea - ow .« . P . w s new g b P N Y TREEEEEEE R . b T -
“« ek wowaweow s oo ox . . -nt--sdotc bo o'y b vv o-a WL.H_. i — - P
c e e e . . T T R S e T R R Il I R T e e
....!..x.w... . IR I A O L LI ..fqvol..!-r.!.
A S JuaWwieadd] L3Py S I L AL IIT IO oIt il Il I
I R R A e e o B I R B
R ! R TR ST 4 TR 0 I T SR T SR St AR
> s s 0 s a . ‘n'-,“oux!nvxs- PO I I T N S ~w_v . '»t_mlh roy 1o - w.:.--nw ..l..qul.!’.oltl‘.a,i
- v s e R R RN RS KR A A u..m * AR R I R
P I :u.n-»-nxxno...o LI A e} -4 M<ﬂ¥vﬂ*|4|0n4 I L] 0\.‘:0&!0‘4.‘.-\0.0
e s » o 0 8 = = ® w -4 @ ®-8 B w % X % 8 W B ou * 2 @ g 8 = 4w u e o *t b e o ﬂﬁ!d \O‘Lmr LRI I T P R - ﬂ!ov’n - r—
> » ® = o - R = . --n—...... " - . o '-4- .- - . »_ .oqtm"o,cu.c s 0200 mes-b e oo rae-
“ s s = e o x 4 .« e - IR SR B PR ¢ >0 0 e —n m...-ﬂx.u:.- .l..v..u‘__.xo. ..»..o.n..l.u..,
O T S R . - x e P " ® » o 8 x x x - = 8 + % @ . » oo » H L PRI R S-S - o e e e
. e s = s = - -y - x ¥ « & x #- “ x % % - = ow o % 0% o« P .-—— Sy o g e » ® 3-8 w-w-a-v = o o mitp- pmmece § - -
e =2 % e % 2 n v a « u s * e = oo - x & o ow * = * §-ov 6-0 0 w—o s-0 % @-® s w-r & v rma e ————
4 N - . . -
. .. T CO A R T DU R R
*» & % % a8 w & M " o * = n.. * ... ¥ - w Ll ».l.(v [ 1 ¢ 2. s - .Q OJ-QQ.VIA‘.IiP:.r
“ « « ® s » H , 3 -q.— R L -qo-wy-- o'cwn.!ly|vv.
x > x - " * > “ ! ook D L A Fne & ebe - b
« - e “ " Db s ee e b e b s ee e e———
el DL NC judwledd) duoylg —a-llTIITI T
« * “ « v e . . . ¥ ® -". L L ¢ - ey eees e
ke x ek wm e . .- o .¢u...;.—'&...-.|oo T B TP
e e - @ e m e ke . . I T ;.. R I I B I R
= —
.. - o N [
M P " .o m . RN .
. ® PR PO T - « 5w ¥ ® o« & oxowow e » sy e mow .
.. . ' s e e s 2 _.m>m.._LmaQ=m__uwmuLom
X : ’ o . T uoLjels [0473u0) Je3y
E : ; ) : YSU3gAIOM Y - GST "ON UOL3Rd0T
- . ‘ - . P .
' . M Sl PR . ) . )

e —

08

S8

06

S6

VOP Ul [3A37 OsioN

0ot

S0t

52




Report No. 3222

.Bolt Beranek and Newman Inc.

~ “ R S NS DS MY RSV IS Y NG SH SN SO SR S
- = [2A97 J3MO7 o
gl : . 3PLS paeoque3s - Z
- X : S43|L0g ulaamMIag - yig °Off uoL3esol 4
m - - - om m . Ay
N . . M | S, USRS N orllu 8
- T : i I . -nl..”lml..lw..}k.? H : o
: ST : i L M S gl shom- Sy WOeait St M Ao W o
ﬁ o T T N : JE U T AU R SO 9
O\ A S i — N .
“ — - o et e e - >
R et m AYx-3sog — St S s Pt i < ,
ol WdY 33€.5 081 —B i : 0L o
) T ¢ » g -
" i e e - W wn
- NN -+ - T - N o
=
-
m
- 5
- = 08 e
. —-
- o
o o+
- -
- - >
ol . o e M S e °
-} AVY-3ag : 4 i s vt et =
—_ } —te e b —— -
—E | nay 1seus ot g e e B ~
1
0 ' - - ->~— n
- p——t o - e, s I =
_ : : =T R Sl T et etk o il Rl 3
- — St et = e B L e e R 2
1 s i I y Tyt s ST OO.H
- ———— —

l‘

M00d 3¥I4 NI VI8 °"ON NOILYIO0T LH3W3¥ASYINW
SIVIYL 3SION AV3~-1SOd GNV-3dd 40 NOSI¥VdWOI =:G2 3dN9Id

(ZH) AON3N03Y¥4 ¥3LN3D ANVE 3AVLO0 QHIHL-3NO

COJ91 0000l 00E9 000» 00S2 0091 000l 0€9 OOy 0S2 09! ool €9 14
vep O.Qnoﬁ 0008 0COS OGiE 0002 062! 008 O00S GlE 002 621 08 Ono m.—mnw




00y 3Y¥Id4 NI HOT “ON NOILVIOT LN3W3IYNSYIM
SIVIdL 3SION AVY-L1SO0d ONV-3dd 40 NOSI¥VIWOD <9z 3¥NIId

(ZH) ADN3NO3Y3 ¥3AINID ONVE 3AVLD0 OHIHL-3NO

& ccd9: Q000! 00E9 000> 00S2 0091 000! O€9 OO0y 0S2 091 00l €9  Ov G2

P vap o002l 0008 0005 OGIE 0002 GS21 008 00S GIE 002 621 08 OS G

S - S T 1 1 1 T 1 1 T [ 1 1 1T [

N -

® - o R o~ m o

5 - — + [3A3] J3MOT — =

S - ! B N 43U40) 3404 I3V m

& n — - e 25 dund aatg Jaeay - pOT "ON uOL3eIN] i 7
”.. I i M W ” M 1] ] . _oo . ' ' S P OQ w
ol s = : A S S Syt St SOt S DUt B S
ﬁ TA.'.'I.:CI.. —— o W T T M w = H i O
- PRSP N : : S : 9
- g AVY-3504 -+ . ” ; ; =
- T wdd 3deys 081 -TASL i RN i M
o : I T i 0L o]
F B s
- O

. n o

2 o <

< - 08 r

9 . —

c .

S o &

o — \! -

M . — I B, |t AYY-34d _ N

c i T . wd¥ 3seys 081 IE . S

= - —— " 2 06 S

ps —r— ] 1

o - - - i L SSDSNS S St X =2

o ” s ST 1 =3 11 :

@ - = ——1 Rl e e o S e 5

= - : i : I S0 VRO YR Rt SO A T A S S =~

o - : ] T 1 [SRRDOSIR W S SR S S SOV S S

@ s — 1 — 1 : 00T




Report No. 3222

Bolt Beranek and Newman Inc.

1008 3¥IZ NI SST "ON NOILVIO0T LN3W3YNSV3HW
SIYIYL 3SION AYY-1S0d ONV-3dd 40 NOSIYVAWOD .z 3¥NJI4

(ZH) ADN3N03¥d4 ¥3LIN3D ONVE 3AVLIO0 QHIHL-3NO

CCo9: ooo.o_ 0029 CO0» 0062 009! 0001 0g9 00y 062 091 o] o]} €9 Ov G
vep OLS2! 0008 0005 OGIE 0002 021 008 O0O0S 6 002 621 08 OS  St¢
- T NN | RN NSO SO SO N NS Y ANNE GO SRS S NN SUUD SN S
o Bt A S [9A97 13ddn spis 3404
- i : uoL3e3s |043u0) —
- 4R3U YOUu3QYIOM 3y - GGT °OMN uOLIeD0]
r M —
- : ' 09
- : —f— —t — A, ———
- —E e e e e e S
i AYY-350d 17 et gt S Sl OO it Y
. Hd¥ 33®Ys 08T “Af—i : — F—]
- ; oL
. 08
AVY-3dd o e -
- 11dd 33euys 081 : - At it S SOU SRt R
=== : ‘ . 06
I - | S A W M
i st e e e it ity [
T = . : s N ROt S SO (Rt S S SR W S
, o AU s AR s et Sl T N ST A St RO St S il S Vet (AU SO S S S et
, s 001

(4eqrt 2000 o4 gP) T3A3T ONVE 3AVLIO0 QYIHL-3NO




Report No. 3222

.Bolt Beranek and Newman Inc.

WOOY 3dId4 NI £ST "ON NOILV207T LN3H3YNSY3H ]
STIVIYL 3SION AVY-1SOd ONV-3Yd 40 NOSIH¥YAWOD <82 3dN9Id

(ZH) AIN3N03Yd4 Y3UN3D ANVE 3AVLOO0 QHIHL-3NO

CZY9_ Q0001 COL3 COCY C0S2 0091 000l 0€9 00y 062 09l oot <9 oy S
va? o.L5¢2 COC8 00C5 OGIE 0002 0s21 008 00§ SGig 002 G621 08 0s Glg

< u“nfmfv PR N N N SRR T USRNSSR DU NN TR UNDD SNV JUN NN S S .*..I
R SN . [—

S R | T S

2

o § e e .

- B — 13437 aaddp
QD AR S G auL [433ud)
A oA S-S Rt R S49|10g UaaM3dg - /£GT ‘Oy uorjednq] | -

- e T A T TEapee )

09

; v —m— = s .
PSR RIS Y (SR P . S
S SRSV AU S SN P S S - r——

j
:
{

: SRR S g, N SO S ; 1 0L
AV4-350d —T I ) -
HdY 3ieUS 081 A2 - :

A e A e N et - - s ol :
1 1
H H
B S -
: ]
: —H1 08
N i £
TITOANG
_i_ N " 5
I~
/.

06

A0 A N R [ At T AYY=-24d TETIT\/TT
D B e R b+ wdy 3seYS 081 S =

L1 i T 1]
— e —— G ot m — B NI
. i 1% g

SRR RN S-S S -SSP SO0t IR SR SR S IR W
[P - S S w. . - ~—v. A wm lbtﬂ?. - It\‘.aw. - B e e - -

+Tf :[It}ﬁl#f;f?ﬁl}'F'Ifllrl17‘7—]‘x'T IR BAREERREREEEA]
SN

001

(+eqrt 000" 9 gp) T3A3 ONVE 3AVLO0 QHIHL-3NO




22

fodote - R etele)

2252 5IC3 0035

2

Report No. 3
IRBABREREERERRA]

A

) R SR

R AR R REE

_Bolt Beranek and Newman Inc.

0¢s

100Y¥ 3¥I4 NI 102 "OH HOILYJ07 LH3IKMIVNSYINM
SIYI¥L 3SION AVY-1SO0d QMv-3¥d 40 NOSIYVAWOD :62 3YNIId

(ZH) AON3N03Y4 HILIN3D ONVE 3AVLD0 QHIHL-3NO

‘i CO0T3 CO0r CO0Ss2 Q09l
Gsig 0022 0%el

00¢%
006

1 1

1

(I

poe e — @ — -

3
S

b g - —>

L - e — e

= —

O —

bt P g — e e @

s e P el s e o bt o = A e

——— - Gm—

L8A37 ¥J3Q pug
auL 423u3)
S43|10g uaamMag - 102

0} u013e207

R S st

» O —

T 4
! Smnmane otamnels Bhond o

§ o -+ p——

s ce

i -

AVY-350d
idd 33eYsS 081

AVd-3ad 3

eys 021 =I5

+77Hliri*1rriilT“

R e et o

. e g 2 Qe W e

09

0L

001

(4eqrt 2000° 94 gp) 13A3T ONVE IAVLIO QYHIHL-3NO
57




Bolt Beranek and Newnan Inc. Report No. 3222

show that the forced draft blower tones, while substantlally
reduced, are stlll significant contributors to the A-welpghted
nolsce levels. This sugpgests that completion of the finish
work on the ficxible boots on the forced draft blower ducts
should improve the overall performance of this trcatment and
further reduce the exlsting levels.,

During the RAV, ship's force performed maintenance on
the Prairic/Masker emission systems., Therefore, tests were
conducted underway to determine if a properly functioning
system produced excessive nolse levels., Since the inboard
vent was not altered during the RAV, the severe nolse problem
during compressor warmup still remains. During the underway
tests, the emission sycstems would not absorb the output of
both compressors with the inboard vent closed, thus the
compressors would oversvced., It was, therefore, necessary
to test the compressors by running them one at a time.
During the operation of each compressor, noise levels
increased t¢ 91 dBA in the immedlate vicinity of the com-
pressor. One compressor was somewhal nolsler than the other
which portable mcasurements attributed to the fact that the
air discharge piping on one comprcsﬁor is lagged and the
other is not. Since continuous manning of the compressors
is not required, they are not considered a noise problem
when functioning properly. The inboard venting during
warmup is still a serlous hazard, however.

Figure 30 compares one-third octave and dBA levels of
ventilation system noise hefore and after the vent exhaust
fan treatment was installed. The levels were measured
dockside with only the vent system operating. The measure-
ment location was the second deck level athwartships catwalk
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between the bollers on the centerline, the locatlon most
scerlously affected by the exhaust fuan noisc, 'The figure

1 shows that exhaust fan nolse has been reduced from 97 dBA to
83 aBA.

E. Assessment of Noise Reduction Achiceved

While the discussion above described the results of the
post-RAV trial in terms of noise levels achleved from the
installatlion of the nolse reductlion treatment, it is also
necessary to assess those results in terms of the reductlion
in hearing damage risk. The adequacy of the nolse reduction
achieved must also be judged as a basis for determining the
nced for more or less nolise recduction. In order to make
this assessment, the BUMED/OSHA hearing damage risk criteria
must be referred to in more detaill than the single membher
90 dBA criterion.

The objective of thce BUMED/OSHA criteria is to limit
exposure of personnel to potentially hazardous nolse levels
such that hearing loss does not occur., Actually the achieve-
ment of that objective is somewhat complicated because the
physiological impact of exposure to a given noise level 1is
not the same for all individuals (reference 6). Therefore,
the established criterion has been sct on the basis that the
probability of hearing loss for an individual will be accept-
ably low. This is the basis for the current limit of 90 dBA
for eilght hours exposure in a twenty-four hour period, In
additlon, the criterion states that for each 5 dB increase
in noise level, the allowable exposure 1is halved. (e.g.,

The allowable exposure time to a noise level of 95 dBA is

four hours in a twenty-four hour period.)
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There is continulng debate among government and industry
groups concerning the adequacy of protection to individuals
provided by the current criterion (reference 6). The Environ-
mental Protcction Ageney (EPA) is advocating a reduction in
the cight hour exposure Lo 85 dABA ~nd a reduction to 3 4B
(versus 5 dB) in the doubling fuctor. It 1s impossible to
predlct the outcome of thile debate, but the possiblility
exists of lower criterla at some future time.

As a basls for ascessing the adequacy of the noise
reductlon achieved, a nominal workday in Navy ships under-
way must be examlned. The nominal workday includes two-
four hour watches and additional maintcnance duties in the
assigned division. While on watch, personnel typlcally spend
three-fourths of the time at established watch statlons and
onc-fourth of the time reading gauges, adjusting valves,
etc., at various locations in the space. The additlonal
duty time is spent in the assigned machinery space performing
preventive and corrective maintenance. This nominal workday
is assessed In the following dlscussions at 20 knot steaming
conditions.,

1.0 Engine Room

In the engire room there are two watch stations which
are represented by measurement locations 1 and 2. The noilse
levels at these locatlons are 88 dBA and 89 dBA, respcetively
at 20 knots. Taking the higher nolse level, the allowable
exposure, using the 5 dB doubling factor, 1s nine hours in a
twenty-four hour pericd. The watchstander, spending three-
fourth's of his time at this watch station will receive two-
thirds of his allowable nolse exposure or six out of an
allowable nine hours. The balancce of the watchstanders
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allowable cxposurc would be reached by two hours cxposure to
nolse levels of 92 dBA, a rcasonable assumption based on the
distribution of nolse levels within the engine room. Thus,
by standing two-four hour watches in the engine room, pernon-
nel will reccelve thelr full allowable exposure (i.c¢., equi-
valent to cight hours at 90 GBA); conscquently, additional
duty In the engine room would result in excess cxposure angd
the risk of hearing damage.

The asscessment just deseribed for a ship speed of
20 knots, that is, no hearing damage risk 1f the workday 1s
limited to two-four hour watches, essentially applies to
speeds from 15 to 26 knots. Above 206 knots, the allowable
exposure could be exceuded in one-four hour wateh period.
Below 15 knots the allowable exposurce should not be exceeded
during the entire nominal workday. Prior to thc Instal-

[ lation of thc noisc reduction treatment, allowable exposures
were exceeded during two-four hour watch perliods at 10 knots,
‘ the lowest speed at which measurements were taken.,

In order to achieve the hearing damage risk criterion
for the full neminal workday, at speeds above 15 knots,
additional noise reduction will be required in the engine
¢ room. In order to achieve thls reduction, noise produced by
non-propulsion auxiliaries must be reduced in conjunction
with further reductions in main reduction gear noise. In
particular, as was pointed out in earller recports, nolse
from the brinec overboard eductors requires reduction. This
reduction should be achieved by the SHIPALT which will
replace the eductors with pumps. In addition, post RAV |
trial data indicates that the noise from fire pump No. 3
should be rcduced. A relatively simple motor silencer

T
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should provide thc neceded reductlon. As for the main
reductlon gear noisc, further reduction will requlre expan-
sion of the coverapge of the closce—~coupled prototype trcat-
ment, notably to include the turbine sub-bases, or the use
of an alternative trecatment. Complete lagging of the lube
oll piping will also be required as was originally planncd
in the RAV work packuge.

2.0 Fire Room

Using the rationale for determining allowable exposurc
as was uscd for the englne room, the measurcd noise levels
in the fire room with the treatments installed indlcate that
allowable exposures would not be cxceeded during the nominal
workday at speeds through 21 knots. With only modest
improvement {rom the correction of the uncompleted work on
the forced draft blower duct treatment (i.c., the flexible
boots), and with both exhaust fans treated in the same
manner as the larger fan, the ailowable exposurc should not
be exceceded for the nominal workday cxcept at maximum specd.
A compelling argument would be difficult to make for addi-
tional noise rcduction because the frequency and duration of
operations at maximum speed represents less than ten percent
of the total operating time at sea.

Correction of the inboard venting of the Prairie/Masker
compressors is required to climinat: this risk of hearing
damage in the firc room during compressor warmup. Nolse
levels at some locations in the fire room were measured ay
125 dBA during the thirty to sixty minute compressor warmup
period. The highest nolse level allowable for thirty minutes
exposure in a twenty-four hour period is 110 dBA. Test team
personnel present in the fire room for a short period
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during compressor warmups expericenced temporary threshold
shifts in their heafing. Until this problem is corrected,
firce room personnel should wear car plugs and ear muffs
during compressor warmup.

F. Treatment Effectiveness

The bulk of this report is concerncd with the noilse
rcduction achieved by the treatments applicd to PFF 1082,
In this section, the specific performance of the scveral
treatments 1s investigated. The term, "treatment performance",
is used here to mean the amount by which a treatment reduces
the noise radiated from the treated area. This is not to be
confused with the amount of overall noise reduction due to
application of the treatment. The overall noise reduction
may be somewhat less than the treatment performance because
(1) all radiating surfaces could not be covered, (2) structural
and/or acoustic rianking transmission paths limit the total

reduction, or (3) other, untreated sources control the reduced
noise levels.

1.0 Engine Room Treatment

The engine room treatment consisting of the close-coupled
cladding applied to the main reduction gear case, the gear
foundation, the main turbine foundations and enclosure of the
condenser box could not be fully evaluated in situ aboard
MONTGOMERY. Assessment of the cladding treatment must be in
terms of both shipboard and laboratory test results.

The cladding treatment reduces radlated noise by three
different mechanisms. Damping tile applied to the base struc-
ture reduces resonant modal vibration of the gear case, gear
foundation, turbine foundations, and condenser box. The
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compliant layer of fiberglass and massive covering of luad
vinyl acts as a spring-mass system effectively isolatling
vibration of the damped basce structure from the radlating
surfaces exposed to the ailr in the engine room, i.c., the

sheev metal cover. In addition, the sheet metal cover is
resiliently isolated from the base structure by the rubber
isoiators shown in Figurc 1ll. Nolse 1s ulso reduced by the
fact that the shect metal cover used to protect the treatment
and for aesthetic purposes does not transduce surface vibratlon
into airbornec sound as readily as does the basce structure. This
latter point relates to matching of acoustic and structural
wavelengths.,

1.1 Laboratory Tests

Laboratory tests were performed at BBN using a flat,
one-half inch thick stecl plate approximately three fcet by
five feet. With phc plate resiliently mounted in the wall
between two reverberant rooms, electrodynamic shakers were
attached to one side of thc plate éo set up a reverberant
vibration fiecld. Various treatments and combinations of
treatments were appliecd to the undriven side of the test plate.
In all cases, vibration measurements were made on the base
plate and airborne sound measurements were made in the recciver
reverberant room, i.e., the room cn the‘treatmcnt slde of the
plate. In some cases, vibration measurements were made on the
outer surface of the treatment. From these measurcments,
transfer functions were generated. These transfer funcevions
relate (1) the vibration on the base plate to vibration on the
radiating surface of the treatment, (2) the vibration of the
treatment surface to radiated sound power, and (3) the vibra-
tion on the base plate to radiated sound power. Structural
reverberation times were measured to assess the significance
of different types of damping treatments applicd to the base
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of interest., Therefore, 1t was not important to duplicate
the actuinl nolse and vibration levels and speetra character-
istic of the actual propulsion system.

o Teost Configurations

Three test configurations representing the prineipal
candidate treatments arc dlscussed in this section. The
generie cross-sections arc shown in Figure 31. The first
configuration (u) is a closc facsimile to the treatment
installed aboard the ship. The second configuration (b)
included flexible clastomeric sheet insulation (l-in. thick
Armaflex by Armstrong Cork Company) as the compliant member
rather than the fiberglass blanket shown in configuration
(a). fThe third configuration (e¢) also included the flexible
elastomeric materlal, but with the outer sheet metal cover
removed.

] Structural Damping

Bolt Beranek and Newman Inc. Report No. 3222
plate. It should be noted that in this study, it 1s dif-
ferences between vibration and/or acousntie levels that are
Effects of structural damping are bes% measured in
terms of reverberation times. These reverberation times can
E be interpreted as loss factors, n, where the two parameters
‘ arc related by the expression

2.2
6o

where { is the center frequercy of the band of interest and
T60 is the reverberation time. The change in plate damping

The comparison is between the loss factor of the damped and

liw
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due to adding damping tile to the plate is shown in Figure 32.
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undamped platc'plottcd on a logarithmic scale. Thus, the
reductions of up to 6 aB implied by Figure 32 are recasonable
engincering cstimates of the cffects of damplng in all three
of the treatment confipguratlions., The damping Lreatment
tested in the laborutory 1u’thc same Lype as used on the
gear casing. In these tests, the base plate was heated to
approximately 130°F to simulate the pgear case operating
temperature.

0 Vibration Inolation

Configuration (a) of Figurc 31 duplicates the gear
trecatment with the exception that the sheet metul cover
plate in the laboratory is resiliently isnlated from the
studs on the basc plate by grommets instead of by the iso~-
lation mounts shown in Figure 11, As in the other tests,
the basc plate was hcated Lo approximately 130°F. Vibration
(acceleration) levels were measurcd at several positions on
both the basce plate and o.° the sheet metal cover. The
differcnce between average vibration levels of base plate
and cover are plotted as a function of frequency in Figure
33. The values in Figurc 33 represent an engineering estimate
of the expected vibration isolation of the gear case treatment.
Similar results are anticipated for the treatment applied to
the gear and turbine foundations.

Values of vibration isolation mecasured in the laboratory
on treatment configuration (b) arc also shown in Figure 33.
This figure indicates that in the mid-frequency range, the
vibration isolation afforded by the Armaflex material is
generally a few dB less than the vibration isolation demon-
strated by the riberglass used in configuration (a). This
appears to be duc to greater stiffness of the elastomeric foam.

69

:L"m, PR




r—

09 00y 062

002

091

(1€ 34¥N914 NI NMOHS SVY)
(4) GNY (®) SNOILVYNDIINOD L1S3IL INIWLIVIY¥L 30 NOILVIOSI NOILVYGIA

(ZH) ADN3NO3Y¥4 ¥3LIN3D ONVE 3AVLIO QHIHL-3NO

00C9: OGOl 0CE9 000y 00S2 0091 000!
0008 000§ OSIE 0002 0s2iI

00t €9
G2 08

< g€ 3¥N914

Ov . XA
Gt

-+

" ——

Bl 3 lm;.» E

—

Report No. 3222

- g -

¥ LY EY T2 BY 1Y [}

3 M
- e @

{q) uojjeandijuo)
weo4 Xa|jeuuy

3

o b

-

| ¢

*
UV &

I

ﬂmemm UOLIR|OS] UOLIRAQA \-/ it s
1. S (-~ [
: ] 0
‘- 11
A
W..., -
m U I w -
5 A ==
2
m Y .. ‘d' i
W x!oh e b S
z —\ =
y 4 : e
M y A b o..wcl'.watl e
-] . ; -
2L &
e
° (e) uoiyeanbyjuo)
4 sse(biaqiy S S S
fee) UOLIRIOS] UOLIRAQIA S lun —T— T
= t :
2 = - 3 3 - l.!n.“- - ...
@ i Sl s e e : -
. .

70

8P NI T3A37 ONVE 3IAV1II0 QY¥IHL-3NO

(199ys 4aA03) %7 - (e3eqd aseq) %

P




Bolt Beranck and Newman Inc. Report No. 3222

Duc to the flexible naturc of the lecad-loaded vinyl
sheet, 1t was not poussible to obtaln vibration measurcements
that meuningfully refleet the vibration isolation character-
istics of the clastomeric insulation in the absence of a
sheet metal cover plate configuratiosn (e¢).

Results of these tests mean that 4f the sheet metal
covelr plate were as efficlent a radiator of sound as the base
plate, the total radioted sound power from the fully treated
plate would be less than that radiated from the damped bauce
platc by the amounts shown in Figure 33 for configurations (a)
and (b). In fact, the radiation propertics of the sheet
metal cover (and the base lead vinyl) are somewhat differcent
from those of the base plate.

¢ Radiation Effiecicney

Radiat.ion efficiency, Opad’ defincd matnematically by

|
pcA<V’>

%rad

is the ratio of sound power radiated (per unit surface area) to the

vibration of that surfacc. In the definition above, I is the
total radiated sound power, A is the total radiating surface area,

<v?> 1s the'space-averaged mean-square velocity of the surface
vibration, and pc is the specific acoustic impedance of air.

Laboratory measurements werc made of the sound power radiated
from the untreated base plate and the vibratlon of the plate.
Similar measurements were made comparing vibration of and sound
radiation from the cover plate of configurations (a) and (b) in

Figure 31. From these measurements, radiation efficlencies of the

7
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base platc and the cover sheeq were calculated. The diffcrences
between these two values are plotted on a logarithmic scale in
Figure 3“.1

Figurc 3% indicates that the shcet metal cover plate is a
much less cfficient transducer for converting vibrational energy '
into airborne sound than is the base plate. In the mid-frequency
range, sound radiation per unlt of vibration is 10-20 dB less
for the cover plate than for the basc plate., This is consistent
with elementary theorctlcal consideratlions. The effect of
replacing the fiberglass in configuration (b) with Armaflex does
not significantly change the radiation efficiency of the sheet
metal cover. Effects of cover plate isolation are more important.

e Combined Laborciory Results

When the damping, vibration isolation, and radiation effi-
ciency results of the laboratory tests are combined, the total
treatment performance shown in Figure 35 is calculated. The
values shown here represent the total "treatment performance"
expected of the close-coupled cladding shown in Figure 11 and
the treatment applied in the engine room. These results are
borne out in comparisons of radlated sound power and base plate
vibration. Clearly thec major effects are those of the vibration
isolation and changes in radiation efficiency.

Figure 35 also shows the anticipated total noise reduction
that would be achieved using configuration (b) in wvhich elasto-
meric insulation is substituted for fiberglass as the compliant

1Insufricient signal-to-noise ratios limit the basc plate ‘

data to the frecquency range above 315 Hz. Data obtained show !
excellent agreement with simple plate theory, therefore, theo-

retical rcsults are used in deriving the valuces shown 1n the
200-315 Hz frequency bands of Figure 34,
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layer. Th's curve In Flgure 35 illustrates that the decrcascd
vibration isolation afforded by the clastomeric material degrades

the overall perform.nce of this treatment comparcd to that
used in MONTGOMERY.

The third curve in Figurce 34 represents the treuat-
ment performance expected of configuration (¢) of Figure 31,
The values shown 1n this curve are derived from comparicon
of sound radilatlon and base plate vibration with and with-
out the trecatment in placc. In thls case it is not possible
to scparate the cffects of vibratlion isolation and radiation
efflciency modificatlon. It is seen that although the
maximum performance of configuration (¢) 1s comparable to
that of configuration (a), this maximum occurs at a somewhat
higher frequency for configuration (c). Below 2000 Hz, the
performance of configuration (a) is 10-15 dB better than
that of configuration (c).

1.2 Shipboard Measurements

Because of the complex and extended nature of the shipboard
instailation, it was not possible to evaluate the engine room
treatment performance in the detaii possible in the laboratory.
The only practicable measurc of the treatment performance is a
composite evaluation of damping and vibration isolation.

Although no measurements were made of the radiation efficiency
of the treatment as applied in the engine room of MONTGOMERY, there
is no reason to expect the radiation efficiency of the shipboard
installation to be significantly different from the radiation ef-
ficiency measurcd In the laboratory tests.
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e Damping and Vibration Igolation

In the posc-RAV sea trial, vibration measurcements were made
cn the treatment covor plate at several positions correaponding
to measurcments on the untreated gear canc~, These measurenents
vere made on the large flat surfaces reprecentative of the major
sound radlating areas. Comparing the two sets of levels indicates
the combined effects of gear case vibhration reduction by damping
and vibration isolation by the compliant layer and the massive
layer of lead vinyl and the sheec metal cover.

The average differences betwien vibration levely on the
cladding cover and on the untreated gear case measured at
several positions are shown in Figure 36. For reference, the
vibration lsolation measured in the laboratory are alsc shown
in Figure 36. Two observations should be noted. First, there
is a wide variation in the effectiveness depending on where
transducers were located on the main reduction gear. This 1is
not unexpected because of the compléx nature of the coupling
between the cover sheet and the gear case. In particular, the
effects of edge terminations of the cover plate are much dif-
ferent in the shipboard installation than in the laboratory.
Second, there 1s reasonably good agreement between the labora-
tory results and the performance of the Shipboard installatilon.
This suggests that the laboratory test results accurately
represent a measure of the shipboard performance achievable
over the frequency range of interest. The performance of the
shipovoard installation may appear to be better than that measured
in the laboratory beccause of better vibration isolation of the
cover. The overall results in the shipboard configuration
confirms the notion that the laboratory test procedure is an
appropriate method for (1) predicting the effectiveness of
treatments in the shipboard environment and (2) rank ordering
the performance of different types of cladding treatments.
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2.0 Fire Room Treatment .

Fire room treatmente consdating of the forced draft
blower duet cladding and the ventilation exhaust fan palliu-
tives are clousely reluted and cammot be casily cevaluated
independently. This is because the ventilation cexhaust fans
appear to be uipniflcant flunking paths for forced draft
blower nolse in the flire roon.

0 Exhaust Fan Precatment lerformance

Comparison of ventilatlion cxhaust fan noisce at the center
position at the second deck level before and alfter treatment
is an appropriate measurce of the fan noise reduction achileved
on MONTGOMERY. These values of reduction arc showmn in !
Figure 30. More detalled analysis is required to scparate |
the performance of the fan rclocatlon and duct lining treat-
ment from the performance of the barrier treatment. !

Tests werc performed on MONTGOMERY after trecatment and !
on DOWNES, primarily to quantify the forced draft blower
flanking path. The arrangement of forced draflf blowers and
fire room exhaust fans on DOWNES is sufflclently similar
to that on MONTGOMERY that comparison of the two scts of
measurements is considered an adequate measure of the effec-
tiveness of' the treatment applied to MONTGOMERY. Since the
forced draft blower nolse was the subject of interest, the
evaluation was performed only in the 2500 Hz and 4000 liz
one-third octave bands where the forced draft blower tones
arc usually found.

These test results indicate that the treatment involving
fan relocation increases the transmission path attenuation by
8 and 7 dB in the 2500 and 4000 Nz bands, respectively. Except
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at a positlion dircetly bonecath the linced barrier, the
increased attenuation due to the inverted "top hat" in
minimal, nominully 1 dB at the high frequencles,

It should be noted that the bavrier treatment applicd
to the so-called "small vent" exhbaust fan is not the desipn
recommended.  The installed treatment does not ceffectively
block line of sight from potentially manned locations into
the fan bellmouth as was intended in the original rcecom-
mendatlon, Performance of the trcatment applicd to the
"large vent" fan is Judged to be gquite acceptable and is in
good agrecment with the exwvected effectivenuss,

3.0 Forced Draft Blower Trecatment

It was not possible to perform pre-installation and

post-linstallation measurcments of acoustlic transmission loss
though the walls of the forced draft blower ducts. Therefore,
no firm evaluation of the lagging trecatment can be given., A

measure of the treatment performance can be inferred fron

reduction of the forced draft blower tones at various micro-
phone locations provided account is also taken of the flanking

paths through the fire room ventilation exhaust fans.

Estimated values of the effectiveness of the lagging treatment
applled to the forced draft blower ducis arc on the order of

10-15 dB in the frequency range 2000-6300 Hz where forced
draft blower tones are significant.

Noise measurements taken with portable instruments
indicate that incomplete closures of the lead vinyl boot

sections, particularly around penetratlions for damper counter-

welghts and grease filttings, act as nolse leaks. It is not
known preciscly how much this deficlency degrades the
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performiance of the treatment as regards nolse at manned or
potentially manned locationsy however, it is an installa-
tion defect that cun be casily roemedled,

It is interesting to note thut on USH LOWRES, the
forced draft blower ducts are alrveady covered with a lagging
trecatment. Although this Creatment may reduce acoustic
radiation from the treated surface areas, maesurements at
the fixed mlcrophone locations indicate that there 1s no
significant overall recduction of blower noisce due to the
treatment used on DOWHES. This may be because most forced
draft blower nolse is transmitted through the untreated
expansion Joints which are constructed of very thin metal.
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I11. INTRA CLASS SIMILARITY TESTS

To insure that the noise characteridstices of ELMER
MONTCOMERY were not atypilcal of the FF 1052 class, airborne
noise trials were conducted on a second ship in the class.
Differences within the class which could aiter ailrborne
neisc levels in the machinery spaces include major machinery
produced by uifferent manufacturers and construction prac-
tices producpd by different bullding yards. Significant
differences in vpace and machinery arrangements werc not
expected and none were found.

A. USS DOWHES Trial Results

USS DOWNES (FF 1070), based in San Diego, was design-
ated as the ship for the Intra class simlilarity tests. As
was the case with the post-RAV trial on ELMER MONTGOMERY,
noise tests were planned for DOWNES which would replicate
measurement locations and machinery conditions as nearly as
possible for comparison with pre-RAV trial results from
ELMER MONTGOMERY.

Dockside and underway airborne nolse tests were con-
ducted in DOWNES during the period 15 through 24 January 1976.
Minor difficulties were encountered because of out-of-
commission machinery which could not be tested, and the
maximum speed achievable was 26 knots; however, overall
trial objectives were achieved. Ship to ship differences
and trial results relating to the individual machinery
spaces are described below.

1.0 Engine Room

A major reason for selecting DOWNES was that it was
equipped with a main reduction gear of a different manufacture
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than MONTGOMERY. Varlatlons in the routing of piping
resulted in the Lrine overboard eductors being in a slightly
different location in DOWNES., No other significant dif-
ferences were noted; however, the firc pump (No. 3) was
inoperative and could not be tested.

Mcasurements were conducted at the same locations as
described previously on ELMER MONTGOMERY and at the same
speed increments. The measured A-welghted noisec levels are
shown in Table 5, slde-by-side with comparable measurements
on the MONTGOMERY pre-RAV trial. A remarkable simllarity in
the measured levels can be seen from the table. Differences
in the measured levels, where they occur, are typically one
to two dB which 1s essentially the expected range of repeat-
ability of measurements. The conclusion is that the two
engine rooms are essentlally the samec from an airborne noise
standpoint.

While the overall magnlitude of the nolse levels on
DOWNES and MONTGOMERY were very similar, the spectral charac-
teristics of the main reduction gear nolse were different.
One-third octave levels, measured at Microphcne Location

' No. 3, on the lower level just outboard of the maln reduc-

5 tion gear on the starboard side, are shown in Figure 37 for
: both ships.' Below 630 hertz, tlhe levels, while not the same
in amplitude, have essentially the same spectral shape.
Above 630 hertz, however, there is a distinct difference.

On DOWNES there ls one distinct peak produced by the second
reduction mesh. On MONTGOMERY there are two peaks, of which
one corresponds to the second reduction mesh which is lower
in frequency than DOWNES because of a difference in the
number of teeth on the second reduction gear sct although
the gear ratios are the same. The second peak on MONTGOMERY
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has been identified as undulations 1. the first reduction
gear.  ‘These undulations are the result of manufacturling
methods whlch sometimes caune uneven tooth contuet and tLooth
wear.  The magnitude of this tone on MOHTGOMERY, relutive to
the magnitude of the second reduction mesh amplitude, sup-
gests thav the undulations may be causing excessive wear and
the gear should thercefore be inspected.

The differences in the A-welghted levels shown in
Filgure 37 are attriis:table almost exclusively to the gear
tones just described. However, the magnitude of the differ-
ence in level does not suggest that different noise control
methods are needed or necessarily desirable.

2.0 Fire Room

Machinery differences noted in the fire room were that
the boilers were of different manufacture. Construction
differences included a lagging, siniilar in appearance to
that used on steam piping, installed on the forced draft
blower ducts, Also, the vent for the Prairie/Masker com~
pressors did not terminate in the fire room. Prairie/Hasker
compressor 1B was nut operational and could not be tested.

Although the forced draft blower rooms are unmanned
spaces, a differencec was noted between the two ships. In
DOWNES, the forced draft blowers were partially encloscd
with removable covers. However, noise measurements taken
with portable sound level meters in both ships showed no
appreciable difference in noise levels in the forced draft
blower rooms.
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The results of measurements taken at varlous ship
speeds and at the same microphone locations deseribed earlier
for the MONTGOMERY trials arce shown in Table 6 side-by=-side
with comparable results from MONTGOMERY mecarurcments taken
beforc the nolse reduction trecatment was installed. Care
wust be taken in drawing concluslons solely from the data in
Table 6 beecause due to uncontrollable circumstanzces, 1t was
not possible to exactly duplicate machinery lineups in every
test. In particular, ¢ fferences in lineups of forced draft
blowers and main fced vumps werc determined to account fon

the signiflcant differcences in nolse levels between the two
ships.

Machincry lineups were most necarly duplicated during
the 200 RPM tcet run where all four forced draft blowers
were on the line. At the 200 RPM speed, the data show that
noise levels at some locations were three to four decibels
lower than on MONTGOMERY, possibly indicating some benefit
from the lagging of the forced draft blower ducts. More
benefit in noise recduction might have been expected from the
duct lagging on DOWNES; however, the expansion joints and
damper areas were not covered which denunstrates the need
for maintaining the acoustic integrity of noise control
treatment if serious compromise to the treatment 1s to be
avolded. These results on DOWNES are also considered a
demonstration of the importance of completing the finish {

work ¢n the flexible boots on MONTGOMERY lorced draft blower
duct treatments.

On DOWNES the No. 2 fire pump in the fire room was
noisier than on MONTGOMERY, producing noise levels above 1
90 dBA at a distance of approximately six feet. The vari-
abllity in noise from these units argues for noise control,
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particularly when the reduction needed can probably be
provided by a relatively simple and inexpensive motor
silencer,

The nolse levels of ventiiation system nolse on DOWHES
were somewhat lower than on MONTGOMERY. Howover, noise
levels in the range of 90 dBA from the ventllation system
operating alone still argues for nolse control of the vent
exhaust fans as part of a class nolse reduction paskage.

The mosl signlificant difference in noise levels con-
cerned the venting of the Prairice/Macsker compressors.
Becausc the compressors were vented out of the fire room,
the nolise levels during warmup of the compressors was no
higher than during normal operation with the compressors
feeding the emlssion systems. Nolse levels adjacent to the
compressor reached 90 dBA, esscentially the same as on
MONTGOMERY. On MONTGOMERY, the lagging on the piplng of one
compressor had bheen removed, apparently for some corrective
maintenance, and the noise levels near that compressor were
higher, indicating the need to replace such treatment to
prevent the inadvertent creation of a new nolse problem.

3.0 Auxiliary Machinery Room No. 1

Only minor differences were noted in thils space between
the two ships. For example, the log desks were not located
in the same place. The results of measurcments conducted
underway with normal steaming machinery lineups showed noisc
levels essentially identical to those measured in MONTGOMERY.
Therefore, i.rom a class standpoint, it is concluded that
noise reduction will not be required in thils space from a
hearing damage risk standpoint.
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B. Summary of Differences within the FF 1052 Class

On the basis of the trials conducted in ELMER HONTGOMERY
and DOWNES which represent the known differences within the
FF 1052 class, no significant differcnces in noise character-
istics were found which would preclude a single nolswe control
approach for the entire class. The only cxception to this
is the venting of the Prairie/Masker compressors. Nolse
levels produced in the fire room during compressor warmup
when the compressors are vented inboard are hazardous even
though they are Infrequent. This gproblem should be correccted
on the ships in the class where this conditlion exists.

Measurements conducted aboard USS DOWNES argue for
treatment of another nolse source, the fire pumps. Whille
pre-RAV measurements in ELMER MONTGOMERY identified thesc
urits as & potentliel problem, measurements in DOWNES demcn-
strated that the fire pumps alone can produce nolse levels
in excess of 90 dBA. Even when the source level of these
units is below 90 dBA, they maintain a background level
sufficiently high that the full potertieal of nolse recucticn
appllied to other sources is not fully realized, particularly
at low and nominal crulsing speeds which are typical of a
large percentage of the operational life of the ship.
Inclusion of noise reduction for the fire pumps in manned
spaces would increzse the ccst of Lhe recise control package
probably less than one percent. It certainly would cost
less to include this added treatment in a class package than
to determine its need on an individual ship basis.

There are sufficient differences in the physical config-
uraticn of the two types of main reduction gears to require
two designs fer installation of a close coupled treatment.
Other types of noise control, such as enclosures, which do
not conform as closely to the gear casing could be expected
to accommodate these differences in a single design.

.

)
3

89




PV 2

Bolt Beranck and Newman Inc. Report Mo. 3222

IV. CONCLUSIONS

This program represents the first comprehensive concerted
effort to reduce airborne noise in active surface ships in order
to achiceve hearing damage risk ceriteria in machinery spaces.
New insights have been gained concerning the characteristics
of shipboard machinery nolse as well as the approaches to
control it, and noise control approaches have been subjeceted to
comprchensive performance tests for the first time. These
efforts, and the experiencc they provided, have resulted in
the formation of conclusions concerning control of shipboard
machinery noise in general and treatment of such noise in the
FF 1052 class of ships.

A. Noise Control Criteria

In the past, when noise control criteria have been
specified for airborne noise in machinery spaces, the basic
objective has been the avoidance of hearing loss. To achleve
this objective, a noise category, defined by OPNAV Instruction
9330.5, has beern specified. Usually a Category D is specified
for machinery spaces which is defined as a set of octave band
levels., Noise Category D derives from and 1s essentially
equivalent to 90 dBA, which is the BUMED/OSHA noise limit for
eight hours exposure in a twenty-four hour period.

There is a basic difficulty with this Category D, or
even the 90 dBA criteria, in that both relate to an industrial
eight hour workday and employment l.ifetime which are not typlcal
of the shipboard work environment or Navy career duration.
Therefore, the hearing loss risk probability associated with
the BUMED/OSHA 90 dRA criteria may not be achieved in the
shipboard environment.

90

>
e —_—_J
o o e B ot a3 s oy e 5t . om. . ow o



)
¥

Bo]i Beranck and Newman Inc. Report No. 3222

Another factor in the problem 1is the practicality of
achieving the 90 dBA criterion at every location in a
machinery space. If nolse levels arc higher than thesec
criteria at some locations where personnel are required to
be at short intervals during the coursc of the workday, the
allowable noise dose is received at a faster rate and the
criteria would be exceeded even though the bulk of the work-
day is spent in locations meeting the 90 dBA criterion.

It is concluded, therefore, that noise levels in
machinery spaces that meet Category D and/or 90 dBA will
not necessarily satisfy the intent of those criteria with
respect to hearing loss. A more definitive criteria 1is
believed to be needed vhich considers a realistic description
of the activities and duration of the shipboard workday, as
well as the career duration of Navy personnel exposed to
shipboard noise. Suudies should be undertaken to establish
nevw, realistic criteria for shipboard machinery spaces.

B. Hoise Reduction Limitations

The amount of noise reduction achievable in a given

" machinery space is dependent upon three factors:

1. The number of noise scurces treated;
2. The type of noisc reduction treatment used; and

3. The composite noise level of the untreated noise
sources.
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The composite noise level of the untreoted sources cstablishes
a floor or bascline beyond which further reduction is not
possible regardless of the performance of the treatment
applied to the trcated sources. Above this bascline, the
achievable noilse reduction is a function of the acoustical
performance of the treatments appliled.

decause of the relative cost of the trcatment for the
maln reduction gear, it would be advantageous from a cost
standpoint to rcduce the baseline ievel by trecating additional
noise sources which control the baseline level.. A SHIPALT is
under development which will replace the brine overboard educ-
tors., In addition, relatively inexpensive motor silencers
for the fire pumps should reduce baseline levels further to
realize a higher payoff in gear treatment effectiveness.

C. Alternative Noise Control Approaches

In the establishment of an overall noise control improve-
ment package for machinery spaces in FF 1052 class ships,
several alternatives are worthy of consideration in addition
to the treatments tested in ELMER MONTGOMERY. These altcr-
navives are discussed below as they apply to the individual
machinery spaces.

1.0 Engine Room

In the engine room the only sources trecated in ELMER
MONTGOMERY were the main reduction gear, its foundation and
the main turbine foundations. After treatment of these
sources, baseline levels approaching 90 dBA remained in some
locations. This approach makes it very difficult to achieve
a goal in the range of 90 dBA from the gear treatment alone.
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Installation of the SHIPALT to‘replacc the brine overboard
educators will alleviate this high basecline problem somewhat
lcaving the firce pump as the most sipgnificant untreated source.
Treatment of the fire pump is simple and inexpensive and would
further alleviate the baseline problem and result in better
reductlion of the composite underway noisc levels.

The close-coupled composite treatment as installed in
ELMER MONTGOMERY performed as cxpccted by reducing nolsc
levels to below 90 dBA at continuously manned watch-stations
at all except maximum spceds. lowever, at some locations,
noise levels remain above 90 dBA, even at low ship specds.

If further noise reduction is desired, the treatment coverage
must be expanded to cover i:2 turbine suﬁ-bases.

An alternative approach to controlling the main engine
and gear noise is a noise enclosure. Such an enclosure
recently demonstrated better noisc reduction on USS SOUTH
CAROLINA than was achieved with the close-coupled treatment
on ELMER MONTGOMERY (reference 9). The experiencc gained on
ELMER MONTGOMERY and SOUTH CAROLINA does not provide a clear ‘
answer to the relative merits of the two types of noise control
approaches. Design and installation difficulties on both ships
resulted in Zistorted cost experience. The enclosurc was fabri- ,
cated 1ln the ship and assembled in place on the SOUTH CAROLINA, ;
whereas the close-coupled treatment required considerable cutting
and fitting in place on ELMER MONTGOMERY. The enclosure should
be less labor- intensive and less susceptible to variations in
craftsmanship although thils supposition was not clearly proven
by experience on the two ships. The weight (per unit area)
of the cnclosure on SOUTH CAROLINA was about one-third that of
the close-coupled treatment on ELMER MONTGOMERY, thus providing
a potential weight advantage for the enclosure. Both the
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enclosure and close-coupled treatment designs arc sensitive to
machinery maintenance requirements which should be carcfully
implemented to minimize the maintenance impact. The subscquent
experilence of the two ships with regard to the maintienance
aspect of the treatments would be useful inputs to the gelection
of alvernative trecatments as well as design optimization.

2.0 Fire Room

Two scparate approaches were used in the two ventila-
tion exhaust fans in the fire room. The treatment of the
larger fan which included relocating the fan in the uptake
space proved to be the more effective approach by a com-
fortable margin, It is believed that treatment of larger
fan had a slightly higher cost but was offset by the marked
improvement in performance.

In the noise tests in USS DOWNES, the noise baseline
in one portion of the fire room was held above 90 dBA by
the fire pump. Comparable noise levels in MONTGOMERY were
only slightly below 90 dBA. A'simple and inexpensive motor
silencer for the fire pump would ensure baseline levels well
below 90 dBA in this portion of the fire room.

The treatment on the forced draft blower ducts
performed to expectations. While there are other methods
of duct lagging, none appear to offer any appreciable
savings in cost or improvement in performance.
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V.  RECOMMENDATIONS

Summarized in this scetion are the recommendutions
comprising a nolse control package for the PR 1052 class.
Also outlined is a rccommended approach to extend the
hearing conservation program to other ship classes.

A. FF 1052 class Improvements

The rccommended class improvement package for the
FF 1052 class is compriscd of noisc reduction treatments for
the main reduction gear casc and foundation, foundation and
sub~basec of main steam turbines, forced 4raft blower ducts,
firc room vent cxhaust fans, brinc overboard cductors, fire
pumps in the engine and fire rooms and Prairic/lasker
compressor vents, The treatment for tﬁe brine overboard
eductors is already scheduled in the form of a SHIPALT to
replace the cductors with pumps. The recommended treatments
for the other noise sources are discussed below.

1.0 Main Reduction Gear Treatment

The treatment as installed and tested on ELMER MONT-
GOMERY covered the main reduction gear, its foundation and
the foundations for the main turblines. On the basls of the
MONTGOMERY tests, 1t is recommended that the coverage be
extended to include the turbine sub-bases as well as lagging
of the lube oil piping which was planned for but not
accomplished.

Because of the cost and performance of an enclosure

type treatment recently installed and tested on USS SOUTH
CAROLINA, it 1s rccommended that the design for a similar
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type enclosurce for FF 1052 class be evaluated as an alter-
native to the close-coupled treutment. It 1is estimated that
it would cost approximatecly $10,000 for a shipyard to
develop a desipgn and cost estimate to provide a basis for
comparison with the close-coupled treatment. Because of the
number of ships in the FI' 1052 class, any per ship savings
represented by the alternative cnclosure is multiplied
forth-five times if it is applied to the remaining ships in
tne class.

2.0 Forced NDraft Blower Ducts

It is rccommended that all ships of the class recelve
the forced draft blower duct treatment as installed on ELMER
MONTGOMERY consisting of a fiberglass blanket covered with
a thin steel sheath and using flexible boots in licu of the
steel sheath over expansion joints and damper sections.
Additional installation details should be designed f'or the
flexible boots to ensure that the acoustical intensity of
the treatment is maintained from boliler surface to deckhead.
As was done on ELMER MONTGOMERY, the same treatment is
recommended for the lighting-off blower ducts as well.

s 3. Fire Room Vent Exhaust Fans

It is recommended that both exhaust fars be treated in
the same manner as was the larger fan in ELM&R MONTGOMERY.
This treatment consisted of relocating the fan in the uptakec
space from a vertical to a horizontal position and reconnect-
ing to the original deck collar with a straight duct section
and ninety degree elbow, both acoustically lined. This
approach will eliminate the need for the top hat type baffle
that was installed on the smaller fan in ELMER MONTGOMERY.
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This change from the MONTGOMERY installution will resull in
a significantly lmpreved treatment performance at an expected
slight Increase in cost.

4.0 Fire Pumps in Engine and Fire Rooms

While these units were not treated in ELMER MONTGONMERY,
tests on the DOWNES indicated nolse levels In excesns of
90 dBA can be expected, It is, therefore, rccommendrnd that
these units be provided with relatively simple motor silencers.
Silencers of this type are commercially available for approx-
imately $300 per unit.

5.0 Prairie/Masker Compressor Vents

In ships of the class in which the output of the Prairie/
Masker compressors is vented into the {ire room during com-
pressor warmup, it is strongly reccmmended that the vent be
modified. The deslign for a modification to this vent was
developed by the shipyard during the MONTGOMERY RAV, but was
not installed due to schedule and funding limitations.

While the design effort on this modification are complete,
installation cost estimatcs have not bcen obtained from the
shipyard.

B. Recommendations for Other Ship Classes

The prototypc demonstration just completed in USS ELMER
MONTGOMERY, along wlith cencurrent nolse control efforts in
USS SOUTH CAROLINA (reference 2 and 9) have demonstrated the
feasibility of reducling noise levels in machinery spaces to
acceptable hearing damage risk levels. In the past, airborne
noisc surveys conducted in surface ship machinery spaces
documented that hearing hazards exist in all ship classes
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investligated., Of seven ship types surveyed, ecighty percent
of the work stations and watch statlons excecded BUMED
hearing damage risk limits for all measured conditons.
Demonstrated solutions are, therefore, availabee for long-
standing scerdious problems which cause hearing loss in
personnel. It is, therefore, recommended the hearlng con-
scrvatlon program addrces these other classces of active
surface ships so that proven noisc control approachus can be
applicd as apprepriate to remove hearing hazards in
machinery spaces.

The rccommended approach to a hearing conservation
program necessarily requires that the ships be grouped in
classes or sub-classes baseé on commonality in machinery
suite and arrangements and the magnitude and characteristics
of noise problems. This step can be accomplished through
the collection, review and analysis of machinery uzrrange-
ments and existing airborne noise survey results. After the
ships have grouped into classes and/or sub-classes, 1t is
then considered necessary to conduct an airborne noise trial
in at lcast one ship in each group in order to determine
which specific noise sources require treatment. Once the
trial results have been analyzed, the noise sources requiring
nolse reduction can be identified. Appropriate noise reduc-
tion treatments can then be selected based on the type of
sourcc, degrece of nolse reduction required, relative cost
and other pertinent factors. These treatment designs can
then be developed in SHIPALT form and cost estimates refined
to complete improvement packages for each of the ship
classes and sub-classes which would reduce noise levels to
comply with the BUMED hearing damage risk criteria,
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‘ Another aspect of a major hearing conucrvailon propgram
is the potentinl for cconcmies-of'-scale. On the MONPGOMERY
prototype installation, only previously approved muatcerinls
were utilized which resulted in some practical probilom:,
some of which were not solved in a completely satlsfuctory
manner.  For a major program, long term cconomics cuuld be
expected from the devclopment and/or qualification of improved
materials which are acoustically c¢ffective and also resistant
to molsture, oil vapor and abrasion without costly packaging
techniques. It 1s, thercfore, recommended that materials
development and qualification bec made a part of an overall
hearing conservation program.
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This appendix contalns a summary of he noise measurc-
ments taken on the USS MONTGOMERY and the USS DOWNES. It
is divided into four sections. The first scetlon describes
the microphonc locations. fThese apply to all threc suets
of data which follow. After the first seetion there is A
summary secction for cach of the threo test sequences, con.
for the DOWNES and one for cach of the two MONTGOMERY testis.

Each of .the tests is described first by a test index,
which lists the runs which were conducted and matche:n cach
run with the run number used to identify it. This is followed
by the machinery lineups which show the specific items of
machinery which were operating during each run. Finally, a
dBA summary shows the A-weighted sound pressure level at the
various microphone positions for cach run.
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[ l TABLE 1A. FIXED MICROPHONE LOCATIONS IN ENGINE ROOM
Mic. Pos. Description

1, Middle Level. Above workbench neur A/C plant
¢ No. 2. 2'=0" afv of Fr. 101, 5'-7" inbourd |
from shell, 5'-6" above deck. ?

:

E 2, Middle Level. Above log desk between distilling
plants. 6'-0" above deck, direcctly above art
inboard corner of desk.

3. Lower Level. Starboard of main reduction gear
where lube oil purifier workbench would be.
5'-6" forward of aft engine room bulkhead,
4'-5" inboard of starboard stanchion at Fr.
104, 6'-0" above deck.,

by, Upper Level. Aft of EOS. 5'-6" above aft edge
of second deck catwalk, 6" to port of KHP
turbine centerline, approximately 4' aft of
EOS window.

5. Middle Level. Above port side of main reduction gear.
1'-1" inboard of port stanchion of Fr. 104,
41'-6" above deck, 9" aft of stanchion center-
! line.

6. Middle Level. Directly above centerline of gear
output shaft. U4'-6" above catwalk, directly
above handrail.

7. Lower Level. Port of main reduction gear, between
i lube oil service pumps. 5'-0" forward of aflt
engine room buikhead, directly aft of port
stanchion at Fr. 104, 6'-0" above deck.

TA. Lower Level. Near LO settling tank. 5' above
deck.
8. Middle Level. Forward inboaréd corner of distilling

plant No. 1, near main condenser air ejector.
5'-6" above deck, cn diapgonal between forward
inboard corner of di&tilling plant No. 1 and
starboard stanchion of Fr. 101, 2'-4" from
Stanchion centerline.

A-2
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TABLE 1A (Cont.)
Mic. Pos. Description

9. ‘Middle Level. Above and betwecen compressor and

10.

11.

12.

13.

14,

15.

17.

18.

chill water pump for A/C plant No. 1. 5'-4"
above deck, 7'-9" outboard of port stanchion
of Fr. 98.

Middlc Level. Forward inboard corner of distilling
plant No. 2. 5'-10" above deck, 10" outboard
of stanchion, 2'-8" forward of stanchion.

Lower Level. Bottom of stairs, forward starbcard
corner of lower level, near fire pump llo. 3
and bilge and brine eductors. 5'-6" above
deck, Fr. 97, 5'-0" starboard of forward
starboard stanchion, 1'-0" forward of Fr. 97.

Lower Level. Between fire pump No. 3 and main
condensate pumps. 4'-9" off of bulkhead 95,
2'-0" inboard of starboard stanchion, 5'-9"
above step-down platform.

Lower Level. Main condensate pumps, centerline
forward. U4'-6" above deck, 4'-5" aft of
bulkhead 95, 1'-0" port of ship centerline.

Upper Level. Above center of main reduction gear.
6" port of ship centerline, 5'-4" above
gearcase, 2'-4" forward of Fr. 104.

Lower Level. Above distiller feed pumps. 6'-6"
above deck, 3'-10" forward of starbtoard
stanchion at Fr. 104,

Middle Level. Near main condenser air ejector,
centerline forward., U4'-0" aft of forward
engine room bulkhead, 6" starboard of ship
centerline, 4'-0" above deck.

Middle Level. Outboard of distilling plant No. 1,
directly above brine overboard eductors,
7'-6" above forward end of outboard brine
eductor.
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}
o

TABLE 18.

Mic. Pos.
58,

7.

19.

81A.
81B.

82.

104,

155 .

156.

FIXED MICROPHONE LOCATIONS IN FIRE ROOM

Description

lLower Level, 2'-0" dircetly above center of burner
cleaning bench,

Lower Level. Between PRAIRIE-MASEER compressor No. 1
and boiler No. 1A. 2'-8" starboard and 3'-1"
aft of forward starboard corner of boiller
No. )A, 5'=7" above deck.

Lower Level. Between fuel oll service pump No. 1
and boller No. lA. 2'-6" directly outboard
of forward port corner of boiler No. 1A, 5'-3"
above deck.

Lower Level. Betwcen boilers, starboard. 2'-10"
aft and 3'-2" inboard of aft' starboard corner
of boiler No. 1A, 6'-2" above deck.

Lover Level. Between bollers, port. 4'-7" aft
and 5'-4" inboard of aft port corner of boiler
No. 1A, 5'-=11" above decck.

Lower Level. Between PRAIRIE-MASKER compressor
No. 2 and boller No. 1B. 2'=10" starboard
and 4'-9" forward of aft starboard corner of
boiler No. 1B, 5'-11" above deck.

Upper Level.  Forward of main fecd pump No. 1C.
2'-9" forward of main feed pump No. 1C, in
line with pump axis, 4'-3" above deck.

Lower Level. Near main feced booster pump No. 18.
1'-9" inboard and 6" forward of forward invoard
mount of main feed booster pump No. 1B, 5'-6" above
deck.

Lower Level. Betwecen fire pump No. 2 and transfer
panel, above wash basin. Directly above inboard
edge of basin, 5'-6" above deck.

Upper Level.  Above port aft workbench. 2'-6"
above vise or aft port workbench.

Upper Level. Port of toiler No. lA, between stairs.

6'-71" port of boiler No. 1A, U'-6" forward of
control station bulkhecad, 6'-1" above deck.

A-6
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g TABLE 1B (cCont.)

‘ Mic. Pos. Description

157.
158.
201.
202.
203.
LV

ATH
FDB

Upper Level. Centcﬁline between boilers., Center
of crosswalk between bollers, 5'-11" above
deck.

Upner Level., Aft of main feed pumps Nous. 1A and
1B, 2'-6" aft of aft cnd of main feed pump
No. 1B and 3'-0" port of centerline of pump
1B, 4'-5" above deck.

Second Deck. Centerline between boilers. Center
of crosswalk between boilers, 6'-0" above deck.

Second Deck. Foot of forward port stairs to main
deck. 13'-2" aft of bulkhead 79, 3'-0" port
of boiler No. 1A, 4'-1" above deck.

Main Deck. Center of forward forced draft blower
room. Between turbine ends of forced draft
blowers 1Al and 1A2, 5'-6" abovc deck.

Below large exhaust fan bellmouth.
Below small exhaust fan bellmouth.

Forced draft blower room. Betwz2en forced draflt
blowers No. 1Al and 1lA2.
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! o
FIRE PUMP
i NO.2  JRUNK MN.-FUEL OIL
[ st:)vncc\v"uws
U @ - w 8 1A
| ¢
[N ()
BOILER NO.18 __@ :“ BOILER NO.1A
= ee—
‘_:.._..—- - - - - -
]
L.d
QBOILER GA.BOARD BURNER
. @ CLEANING
. . BENCH
- _ 1c 8 1A )
L
h y = \“N- FO BSTR/ PRAIRIE-MASKER ,
PRAIRIE - = PUMPS AIR COMPR NO.1
MASKER =
, AIR COMPR. =
NO.2
FIG. 1C. FIRE ROOM - LOWER LEVEL, MACHINERY ARRANGEMCHT AND

MICROPHONE LOCATIONS. . i
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| I
l F CONTROL STA
<
| 156
. EMER ESCAPTRUNK ON ....ﬁ..
upP
WORKBENCH

€ aaove

N (201 ABOVE)
BOILER NO. 18 @ BOILER NO. 1A

DEAERATING
\ FEEDTK
MN FEED P ‘MN FD PUMPj
q NO.1C j NO. 1B
' VP MN FD PUMP
2 NO.1A
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P

FIG. 1D. FIRE ROOli - MACHINERY ARRA’ GENENT AND IiICROPHONE LOCATIONS.
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‘ TABLE 1C. FIXED MICROPHONE gOCATIONS IN AMR NO. 1
' Mic. Pos. Description
31. Upper Level. Near workbench and SS'TG No. 1A,
6' abvove deck, 3'-=-U" inboard from shell,
at Ir. 73.
32. Upper Level. Between SS Lurbo-generators No. 1A

and 1B, 1'-3" forward ~nd 9" inboard of
starbcard stanchion at Fr. 73, 6'-3" above deck.

33. Upper Level. Between SS turhbo-generators No. 1B
and 1C. 2' forward and 4" inboard of port
stanchion at Fr. 73, 5'-9" above deck.

34. Upper Level. Between LP air compressor and HP
air compressor. 5' inboard from shell,
3'-8" aft of Fr. 73, 6'=2" above deck.

35. Upper Level. Forward of FO service tank. 5' above
deck, on centerline, 3' forward of FO tank.

36. Lower Level. Between SS turbo-generators “o. 1A
and 1B. 1'-8" inboard of starboard stanchion
at Fr. 73, 6'-1" above deck.

37. Lower Level. Between SS turbo-generators No. 1B
and 1C. 2' forward and 3' inboard of port
stanchion at Fr. 73, 5'-3" above deck.

A-10
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STABILIZER
NO.1

FIN STABILIZER
POWER UNIT
CIRC pumps L2
PUMPS
EMERG.
[N0.2 ] FIN STABILIZE ESCAPE
' . NO.2 TRUNK
NO. | ]
SSTG_COND NO,IC éﬁ};‘; ‘,:,32"',’,
' Up NO.IC
SSTG COND CIR
Z’ MP NO.IC @ FO.TRANSF
N @1
NO.1 '
) (5576 CoND N8 _
SSTG COND
CNDS PUMP
" SSTG COND CIRC NO.18
PUMP NO.1B :
$STG COND
CIRC PUMP NO. m®
- O
SSTG COND
SSTG CONG 1A cnos poD
FIN NO.1A
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POWER UNIT
NO. 1}

FIG. 1E, AUXILIARY MACHINERY ROOM NO.

MACHINERY ARRANGEMENT.
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4!» HP AIR
EMER
i 'COMPRNOJ ESCAPE
TRUNK

$STG NO.IC
| wJHI
\ / @ssrc STATIC EXCITER

- - & - —$STG NO.18 - .
' TEL SSTG STATIC EXCITER
/ |aoom NO. 1568~
L Y \ H I l @ .
Y ORINKTRE SSTG NO. 1A | 3%ATIC
JFoukTaN EXCITER
OUNTEN NO.ISGA

S$S400 Hz UP—m
M/G NO. )
E—wonx- @D
BENCH
—r—

FIG. 1F. AUXILIARY MACHINERY ROOM NO. 1 - UPPER LEVEL
MACHINERY ARRANGEMENT,

A-12




r = R ———

l Bolt Beranck and Nevmman Inc. Report No, 3222
| USS DOWNES AIRBORNE NOISE TRIAL
ENGINE ROOM

Dockside
130 Main Air Ejector and Main Conditioning Pump
131 Main Conditioning Pump
132 Both Distilling Plants
133 Main LO Service Pump (l.ow Speed)
134 A1l vents on high
135 Quiet Baseline ?SN to A/C Cond.)
135A Quiet Baseline (SW to A/C Cond. secured
1358 Quiet Baseline (No. 2 fire pump secured
136 A/C Plant No. 1
152 Mid Speed Non-propulsion baseline (one cond. pump)
153 High Speed Non-propulsion baseline (two cond. pumps)

Underway
171 80 RPM
172 100 RPM
173 120 RPM
174 140 RPM
175 160 RPM
176 180 RPM
177 200 RPM
171A-177A  Same as 171-177 with stills secured
1718 Same as 171 with stills, A/C plant & vents secured
1758 160 RPM
175¢C 155 RPM
1750 150 RPM

FIRE ROOM

Dockside
230 Fire Pump No. 2
231 A1l vents on high
232 Quiet Daseline ?MFP LO pump running)
232A Quiet baseline (MFP LO pumps secured)
233 Vent Supply fans running (FW Drain pumps running)
234 Vent exhaust fans running (FW Drain pumps running)
252 “Non-propulsion" baseline boiler load 21%
1A1 Sound source at FDB 1Al - Cold Iron

4
1
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i Underway
271 80 RPM

] 272 100 RPM
273 120 RPM
274 140 RPM
275 160 RPM

' 276 180 RPH
277 200 RPM
275A 150 RPM
2758 160 RPM
275¢C 155 RPM
281 119 RPM Baseline for FDB cycling
281A-C 1A1 @ 3000, 4500 & 5600 RPM
2810 1A1 and 1A2 @ 5600 RPM
281E-G 1A2 @ 5600, 4500 & 3000 RPM (1Al @ 1400 idling)
281H 1A2 @ 5600 (1Al secured)
282 Gland exhaust secured
283 PM A/C £1A running

AMR NO. 1
Undarway

381 Full Machinery Lineup (2 TGs)
382 Baseline for Machinery Cycling
383 Fire Pump #1
384 LP Air Compressor
385 HP Air Compressor
386 Fin Stabilizers
387 ASROC Circulating Pump #1
388 SS 400 Hertz MG set
389 Vent Fans
390 TG #1B - 1dling
391 Fin Stabilizers
391A Fin Stabilizers
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DOWNES DBA SUMMARY FOR ENGINE ROOM DOCKSIDE MACHINERY TESTS
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Bolt Beranck and Newman Inc. Report No. 3222

TEST INDEX

ENGINE ROOM
Dockside

401
402
403
404
404A
405
406
407
409
409A
412
424
425
426
429

430
Undervay

1001
1002
1003
1004
1005
1006
1007
1009
1010
1011
1021

FIRE ROOM
Dockside

3001A
30018

MONTGOMERY PRE-RAV

Baseline

LO Purifier #1A

Main Air Ejector #18

Main Conditioning Circulating Pump - Low Speed
Main Conditioning Circulating Pump - High Speed
Fire Pump #3

Ventilation Fans

Main Conditioniing Pump #1B

Main LO Service Pump #1B - Low Speed

Main LO Service Pump #1B - High Speed
Distilling Plant #1

Air Conditioning CW Circulating Pump #1

Air Conditioning Pump and Compressor il

Air Conditioning Pump and Compressor #2
Non-Propulsion Baseline - Conditioning Pumps, stills
and Main Circu ating Pump

Distilling Plants #1 and #2

Baseline 160 RPM

Same as 1001 with Brine Eductors secured

Same as 1001 with Distilling Plants secured

Same as 1003 with Fire Pump secured

Same as 1004 with Main Conditioning Pump #1B secured
Same as 1005 with Main Circulating Pump - Fast
Same as 1005 with Main 1.0 Service Pump #lA secured
Same as 1005 with A/C Plant #2 secured

160 RPM

Baseline 180 RPM

Baseline 200 RPM

Boiler #1A, Blowers #1Al1 and 1B1 @ 3000 RPM
Same as 3001A with FDB #1B1 @ 4500 RPM
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Bolt Beranck and Newman Inc. Report No. 3222

HONTGOMERY PRE-RAV

3001C  Same as 3001A with FDB #1R1 @ 5600 RPM

3002A Same as 3001A with FDB #182 @ 3000 RPM

30028 Same as 3002A without FDB #1B1 and with FDB #182 @ 4500

3002C Same as 3002B with FDB #1B2 @ 5600 RPM

3003 Same as 3008 with Main Feed Booster #1C

3004 Same as 3008 with Fire Pump #2

3005  Same as 3008 with FO Service Pump #1B instead of #1A .
3007 Same as 3005 with P/ A/C 418 gy o
3008 Quiet Baseline, Boiler #1A, Blower #1Al :

V-1 Ventilation Fans - High Speed

Underway

2001 Baseline 160 RPM

2002 FO Blower 1Al into Cold Boiler/A @ 3000 RPM

2003 Sante as 2002 with FDB 1Al @ 4500 RPM

2004 Same as 2002 with FDB 1Al @ 3000 RPH and
FDB 1A2 @ 3000 RPM

2005 Same as 2001 with Main Feed Pump #1A instcad of #1C

2007 P/M A/Cs #1A and 1B Venting to Space

2007A P/M A/Cs #1A and 1B Venting to Belts

2010 Baseline - 2 Boilers, Fire Pump

2011 Baseline - 1 Boiler, Fire Pump, and P/M #2

2020 Baseline - 180 RPM

2030 taseline ~ 200 RPM
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n(m Beranck and Newnan Inc. Report No, 3222

MONTGOMERY POST-RAV
TEST INDEX

ENGINE ROO!M
Dockside
100 Quiet Baseline

101 Vent System Basaline (No. 01-101-4 Low Speerd)
101A  Vent System Baseline (llo. 01-101-1 Low Speed)

102 Auxiliaries and Vents
102A  Auxiliaries and Vents with Fire Pump Secured |
103 Low Speed Baseline - Includes Hain Circulating Pump

119 Fire Pump No. 3

152 Mid-Speed Non-propulsion Baseline (one conditioning pump "
orie still and Main Circulating Pump)

152A Same as 152 with Main Circulating Pump sccurcd

1528 Same as 152A with Fire Pump No. 3 secured

152C Same as 152B with both stills running

1520  Same as 152C with Fire Pump #3 running

152E Same as 152D with stills secured

Underway
175 160 RPM
176 180 RPM
177 200 RPM : f
178 220 RPM i

177A  Same as 177 with stills, Air Conditioning Plant and
{ y Fire Pump secured
181 160 RPM Baseline

] 182 Same as 181 with one still secured
] 183 Same as 181 with both stills secured
184 Same as 183 with Fire Pump and Air Conditioning Plani Secured

186 Same as 183 with Fire Pump secured
189 Same as 183 with Air Conditioning Plant secured

FIRE ROOM
Dockside

200A Quiet Baseline
201 Vent System Baseline g
202 Supply Fan No. 1-84-2, Exhaust Fan No. 1-8

y 203 Supply Fan No. 1-84-3, Exhaust Fan No. 1-8

5-2
8-2

A-38




_Bolt Beranck and Newman Inc.

204
205
206
250
251
252
253
255
256

Undervay

275
276
277
278
275A
285
235A
2850
287
288

i AMR NO. 1
Dockside

301
313
318

318A

319
386
387
388
3898

Underway

375
375A
] 376
1 377
378
381
382

P 2

MONTGOMERY POST-RAV

Non-propulsion Baseline

Fire Punp Ho. 2

Auxiliary Gland Exbaust Fan

One Boiler Baseline (no vents)
Same as 250 with FOB 181 at 3000 RPM
Same as 250 with FDB 1Bl at 4500 RPM

Same as 250 with FDB 181 and 182 at 3000 RPM

Same as 250 with FDB 1B2 at 4500 RPM
Same as 250 with FDB 182 at 5000 PPM

160 RPH
180 RPM
200 RPM
220 RPM
160 RPM

160 RPM with Prairie-Masker 1A
Same as 285 with Main Feed Booster Pump No. 1C secured
Same as 285A with Prairie Masker and FDBS secured

160 RPM with Prairie-Masker No. 1B

160 RPH

Ventilation Fans on High Speed
Quiet Baseline (Turbo-generator Circulating Pump #1B running)
Air Compressors, ASROC Circulating Pump #2, 400 Hz.

Motor Generator Set and Vent Exhaust

Same as 318 with Vent Supply fan running and 400 Hz.

set secured

Same as 318 with Vent Supply Fan and Fin Stabilizers running

SSTG Load: #1A-240, #1C-240

SSTG Load: #1A-470, #1C-Idling
SSTG Load: #1A-Idling, #1C-530

SSTG Load: #1A-580, #1C-Secured

160 RPM - SSTG Load:
160 RPit - SSTG Load:
180 RPM - S,TG Load:
200 RPM - SSTG Load:

220 RPM - SSTG Load:

Fin Stabilizers

#1A-310,
#1A-330,
#1A-300,
#1A-290,
#1A-310,

Baseline for Fin Stabilizers

A-39

#1C-310
#1C-330
i#1C-300
#1C-290
#1C-310
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